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DETERMINING THE MEAN PRECIPITATION ON A 
DRAINAGE BASIN. 


BY ROBERT E. HORTON.* 


(A summary of this paper was read on January 8, 1924. Members are requested 
to submit written discussions to the Editor.) 


INTRODUCTION. 


In a previous paper (ref. 1) the author described the usual methods 
of measurement of rainfall and snow. In the present paper some supple- 
mental data are given, and the studies are extended to cover the application 
of rainfall data to the determination of the mean precipitation on a 
drainage basin, month by month, or season by season. Methods of de- 
termining the mean rainfall over a drainage basin apparently have re- 
ceived less attention than they deserve. The matter is neither so simple 
that it does not require scientific study, nor are the data so variable that 
no general rules may be laid down. 

At the Holyoke meeting of this Association in September, 1920, a 
Committee on Water Losses from Drainage Basins was appointed. In 
developing a program for that committee, it became evident that to secure 
reliable estimates of water losses from drainage basins great care must be 
exercised in estimates of the mean precipitation over the various areas 
involved. 

It fell to the author as Chairman of the Committee on Water Losses 
to undertake a detailed study of methods of estimating the mean precipi- 
tation over drainage basins. From this study standard methods for use 
by the Committee were formulated. It seemed worth while to publish 
the details of various methods and corrections, some of which are new, and 
this paper is presented as a contribution from the work of the Committee 
on Water Losses. The object in view has been to devise means of making 
the best possible or, in other words, the most probable determination of 
the monthly, seasonal, annual, or mean precipitation over a drainage basin, 
with a minimum of labor. 


* Consulting Engineer, Albany, N. Y. 
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2 DETERMINING THE MEAN PRECIPITATION ON A DRAINAGE BASIN. 


It will perhaps be a surprise to some that so many calculations and 
corrections are required. There may be those who will look askance at 
the procedure outlined, preferring a “‘ straight uncorrected average” as 
being all that is justified by the nature and accuracy of the data usually 
available. If there be those who think that correction of rainfall records 
for deficiency of catch of snowfall, variations in elevation and the like, are 
“too theoretical,” they should not overlook the fact that in the analysis 
of run-off and water loss data consistent results can often be obtained when 
these corrections are made in cases where the uncorrected rainfall data 
lead to absurdities. 

The word “ theoretical ”’ when used as an apology is sometimes a covert 
synonym for “ laborious.’’ There is no pedantry in the use of theoretical 
corrections where experience indicates that such corrections are necessary. 
Their omission is in the same class with the neglect of impact and shearing 
stresses in the design of a railroad bridge, or the omission of ice pressure 
and upward pressure underneath the base of a dam, where such stresses 
will actually occur. The author believes that the methods here given are 
to be classified as “ practical’ rather than “ theoretical,” because the 
necessity for them has arisen from actual experience, and because the word 
“‘ practical ” in its best sense means that happy combination of experience 
and theory which most nearly fits actual conditions. 


COLLATION OF RAINFALL REcoRDsS. 


The first step is to prepare a good outline tracing or base map showing 
the boundaries of the drainage basin, with marginal room sufficient to 
show the locations of rainfall stations around as well as within the area. 
Indicate on the map the locations of all rainfall stations within or closely 
adjacent to the drainage basin for which records are available covering all 
or some portion of the required period. Fig. 1 is such a base map. 

Then make up a check sheet similar to Fig. 2, showing graphically 
the period covered by each precipitation record. From a study of this 
sheet, in conjunction with the base map, determine whether or not rainfall 
records complete for the whole required period are available in sufficient 
number and so distributed as to give a good basis of computation of the 
average precipitation over the area. If so, fragmentary records covering 
only a small part of the required period may sometimes be disregarded. 
If there are large gaps in which are insufficient complete precipitation rec- 
ords, but within which fragmentary records are available, the determina- 
tion of the rainfall should usually be made for two or more subperiods, the 
subdivisions being made in such a manner as to obtain as complete a series 
as possible of well-distributed rainfall records over the whole area in each 
subperiod. 

The monthly, annual, and seasonal precipitation at each station should 
next be compiled. For various reasons it is desirable to determine sepa- 
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rately the precipitation at each station for the winter six months’ period, 
November to April inclusive, and for the summer six months’ period, May 
to October inclusive. Having compiled the data the matter of making 
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Fig. 1.— Rarnratu Stations, SHENANDOAH RIver Basin, Va. 


certain corrections which may be necessary should next be taken up, 
together with a critical examination of all the records with a view to 
eliminating any which may be erroneous. 
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4 DETERMINING THE MEAN PRECIPITATION ON A DRAINAGE BASIN. 


INTERPOLATION OF Missina REcoRDS. 


In most of the states there are few long rainfall records which are 
entirely complete. Various methods of interpolation or filling out the 
missing monthly values may be used. The results of an extended study 
of the relative accuracy of different methods or interpolation of missing 
monthly rainfall amounts has recently been published (ref. 2). As the 
results of that study are available in the Monthly Weather Review they 
need not be repeated here further than to outline certain of the methods 


CHARLOTTE VULE, VA. 

CULPEPER, 

LINCOLI, Ya. 

WEATHER, 

MOORFIELP, W.VA. < 
MARTINS BUCG, 

MONTEREY, Va, 

LEXINGTON VA 
ROMNEY, WA. < 
SHENANOCAN, VA. 
STANAR PS VULE, « > 

STIUNTOY 
WoepsTock ” > 
UPPER TeacT 


Fig. 2— Cueck List or ReEcorps, SHENANDOAH RivER DrainaGE Basin 
ABOVE MILLVILLE, W. Va. 


of interpolation which were found to meet best the requirements of giving 
good results with reasonable labor. 
Missing months in a rainfall record are most commonly due to: 
(a) Absence or illness of the observer. 
(b) Accidents to the gage or record. 
(c) Changing of observers. 
Interpolation methods are of two classes: 
(1) Those requiring only contemporaneous records at surrounding 
stations; 
(2) Those requiring long-term means or normals. 
It is convenient to designate surrounding stations used in interpolation 
as ‘‘ base stations,” while the station for which the interpolation is made 
is designated the “interpolation station.’”’ It should be borne in mind 
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that rainfall records are likely to be used over and over, and the interpola- 
tions, if made in the most accurate and logical manner possible in the first 
instance, are of permanent value. In the case of small drainage basins 
the number of applicable rainfall records is usually small. In such cases, 
if errors of interpolation are large they may affect the accuracy of the final 
results. Methods of interpolation should therefore be used which will 
reduce the resulting errors to a minimum. The most reliable methods of 
interpolation of missing monthly rainfall amounts depend upon the prin- 
ciple established long ago by Kamtz, that the relative amounts of rainfall 
in different time intervals at two adjacent stations are usually about the 
same. In other words, if the rainfall at each station in a given month be 
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BEN Nevis FORT WILUAM 


Fic. 3.— THE VARIATION OF RAINFALL AT BEN NEVIS AND Fort WILLIAM EXPRESSED 
AS PERCENTAGES OF THE RESPECTIVE AVERAGES. 


expressed as a ratio either to the mean for the month or to the total for the 
year, these ratios will be nearly identical, although the actual amounts 
of rainfall may be widely different. 

This principle is well illustrated by the rainfall at Ben Nevis and Fort 
William, Scotland (Fig. 3). Fort William is on the west coast of Scotland, 
the rain gage being 31 ft. above sea level. The Ben Nevis station is at 
the summit of the mountain, about 4 400 ft. higher elevation and 4 miles 
eastward inland. The mean precipitation at Ben Nevis is 160.78 in.; that 
at Fort William 78.58 in., or less than half as much. In spite of this wide 
difference in actual rainfall amounts it will be seen from Fig. 3 that the 
relative rainfall amounts in different years are nearly identical. 

Mean of Three Surrounding Stations. This is probably the method 
of interpolation most commonly used. In the study referred to (ref. 2) 
it was found that the error of an interpolation based on three surrounding 
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stations is only about two-thirds as great as if the rainfall at a single adja- 
cent station was substituted for the missing value. This method is subject 
to the defect that it gives equal weights to the base stations, although these 
may not be equidistant from the interpolation stations. The results by 
this method can be somewhat improved by giving the rainfall amounts 
for the three adjacent stations weights inversely proportional to their 
distances from the interpolation station. 

Methods of Weighting Interpolated Values. In applying methods of 
interpolation where several surrounding stations are used, each station 
yields in general a value of the interpolated quantity. These may be given 
equal weights, in which case the adopted value of the interpolated quantity 
is the arithmetic mean of the several (usually three) values, or the individual 


values may be given weights, depending on the locations of the stations . 


or their similarity. In general, when three base stations are used, if Wa, 
W,, and W, are the weights assigned to the interpolated values, these 
weights being chosen relative to such a scale that W.+W,+W-.=1, then 
d=W. d.t+W> di+W. de, where d is the required interpolation value. 

These weights may be arrived at by several methods: 

(a) By judgment. 

(b) Inversely as the relative distances of the base stations from 
the interpolation station. 

(c) The inclined-plane method. 

Weighting by Judgment. Theoretically this is perhaps the best method 
if properly applied, since it is possible in using it to take into account not 
only the relative positions of the stations, but the nature, if known, of the 
rainfall variation between them, and the differences in rainfall causes 
applying to each. 

Consider, for example, an interpolation station on the plains near the 
foot of a mountain range, with three interpolation stations, two on the 
plains and one on the mountains. Now suppose the conditions are such 
that a large proportion of the rainfall on the plains is convective, while 
at the mountain station the rainfall is more largely orographic. Obviously 
the plains stations should be given greater weight than the mountain 
station, if all were equidistant from the interpolation station. Among 
disadvantages of weighting by judgment are: 

(1) The factors affecting the proper weights to be applied are, except 
relative distances, in general unknown, or not quantitatively known; 
therefore, 

(2) Different operators using the same data will not obtain the same 
results. 

Weighing by Inverse Distances. If Xa, Xt, X- are the distances of 
the base stations from the interpolation station, in any linear units, then 
if weights are assigned to the three stations each inversely proportional to 
its distance from the interpolation station and on such a scale that 

W.+Wi+W.=1 
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the numerical values of the weights can be derived as follows: 
Take reciprocals of X,, X,, and X,. Let 

1 1 1 


M 


then 
1 1 1 
These relative weights once determined can be applied to all interpolations 
involving a given group of stations. 
Inclined-Plane Method. This method was devised by the author 
with a view to applying simultaneous or contemporaneous records in the 


Fic. 4.—,TuHeE Inciinep-PLane MErTuHop. 


most logical manner possible, thus obtaining the best practicable result 
with the least expenditure of labor, since all methods dependent on simulta- 
neous or contemporaneous records alone are much simpler of application 
than methods involving the use of long-term means. It depends upon 
the principle that the position of a plane is completely determined by the 
coérdinates of three points in the plane. In the absence of information 
to the contrary, the best assumption which can be made is that rainfall 
varies uniformly between adjacent stations. 

Select three base stations, A, B, C, Fig. 4, surrounding the interpola- 
tion station. On a suitable map showing the relative positions of the 
stations, connect any pair, A, B, of the base stations by a line, and erect 
perpendiculars to this line at the two stations, and measure off on each 
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perpendicular a length proportional to the precipitation at that station for 
the period to be interpolated. On the assumption of uniform variation, 
the precipitation at any point along this base line will be proportional to the 
ordinate from the base line to the line connecting the two plotted points. 
Draw another line from the third base station, C, through the interpola- 
tion station, D, intersecting the base line AB at E. Erect a perpendicular 
to AB at E, intersecting the line FG at H. The precipitation at E is as- 
sumed to be proportional to EH. Draw perpendiculars to CE, one at C 
proportional to the precipitation at that station, and one at E equal to EH. 
Connect these by a line JK. Then a perpendicular DL at the interpola- 
tion station will have a length proportional to the precipitation at D. 
The graphical construction is extremely simple. Only simultaneous records 
are used and the method involves but little more labor than the use of the 
direct mean of the three surrounding stations, but it is more logical. The 
direct use of the mean of three surrounding stations gives equal weight to 
each of the stations, although they may be widely different distances from 
the interpolation station. The weight given to remote stations in the in- 
clined-plane method decreases as the distances increase. 

The inclined-plane method of combining the results of data for sur- 
rounding stations can also be used in conjunction with the Fournie and 
other multiple station methods. It is to be considered, therefore, as a 
principle rather than as being restricted to the narrow limits of a method 
of interpolation. 

It can readily be shown from the geometrical construction of Fig. 4 
that 

Pa=Ki P.+ Ke 


where 
AE ED : 
d= TR on Fig. 4, 
and 
K,=1—di—do+di dp 
di —dide, 
K3= de; 
also 


Ki+K.+K;=1 


or the sums of the coefficients is unity, providing an easy check on 
computations. 

Fournie Method. This method has been extensively used for inter- 
polation of missing rainfall years. It is equally applicable to the inter- 
polation of missing months, but like all other methods, gives less accurate 
results for monthly than for annual interpolations, owing to the relatively 
greater variability of rainfall for short periods than for full years. To apply 
this method, three surrounding stations are selected for each of which there 
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is a rainfall record for a period of several years simultaneous with the rain- 
fall record at the interpolation station. Calling means for these three 
stations A, B, and C, and calling the mean for the interpolation station D, 
the ratios 4 sd and a are worked out for the simultaneous periods covered 
by all four records. Calling the actual precipitations at the three base 
stations for the period for which interpolation is required a, b, and ec, re- 
spectively, these values are multiplied by the corresponding ratios and the 
mean of the three products taken as the interpolated rainfall for the inter- 
polation station. The method is laborious, especially in view of the fact 
that in many cases gaps will be found in the records for the base stations 
which must themselves be filled out before long-term ratios can be com- 
puted. Sometimes one of the base stations chosen is necessarily much 
more remote from the interpolation station than are the others. Fournie’s 
method gives equal weight in the result to the values obtained from the 
different base stations, whereas it is likely that the precipitation for the 
given month at the interpolation station conforms more closely to that at 
a near-by station than to that at a remote station. Obviously the Fournie 
method can only be applied where records have been kept for a number of 
years. It does not depend on contemporaneous records and considerable 
research is often necessary to compile the data for computing the ratios 
of the means, even where the records for the base stations are complete. 
The Fournie method utilizes data at the interpolation station. The 
inclined-plane method does not utilize data for the interpolation station. 
A combination of the inclined plane and Fournie methods serves to make 
use of the data for the base station and at the same time provides for 
weighting the results obtained at surrounding stations. The combination 
of the two methods is accomplished by first computing three values of 
the precipitation at the interpolation station by the Fournie method. 
Then instead of taking their average, the interpolated value to be used 
is determined by applying the inclined-plane method to these three results. 
Use of Pluviometric Ratios. The precipitation at a given station in 
a given month expressed as a percentage of the total for the year has been 
designated by Angot the pluviometric coefficient. As indicated by Kimtz 
principle, these ratios are usually in good agreement for a given month at 
adjacent stations, although the actual precipitation amounts may differ. 
A similar ratio of a slightly different form may be used for interpolation 
purposes. This is the ratio of the precipitation in a given month to the 
total for the remaining eleven months of the same year. This may be 
called the pluviometric ratio. Expressed mathematically, let P;, Po, and 
P; be the rainfall amounts for the given month at the three reference 
stations. Let Vi, Ve, Vs, and V be the total precipitation for the remaining 
eleven months of the year at the three base stations and at the interpolation 


station, respectively. Then find the ratios s os = and if P is the required 
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precipitation at the interpolation station, 


These values in general will not be identical. The final interpolated rain- 
fall may be determined either by taking the average of the three values, 
by weighting them in inverse proportion to the distances of the base stations 
from the interpolation stations, or by applying the inclined-plane method 
to these values. It will be seen that this method is identical in principle 
with the Fournie method, but by utilizing the pluviometric ratios the use 
of long-term normals is avoided and the labor of interpolation is in general 
greatly reduced without sacrifice of accuracy in the results. 


TABLE 1. 


AVERAGE Error IN Per CENT oF TRUE Montroity RAINFALL RESULTING 
FROM RAINFALL INTERPOLATIONS FOR 12 INpDIvipuAL MontHs 
AT DIFFERENT STATIONS. 


New 8. | North Average 
Dannemora,| Iberia, Ranch, |Bloomfield, of 4 
Colo. Cal. Stations. 
| | 
Average precipitation for | 
months interpolated—inches 27) ae 0.96 | 3.61 2.95 


Mean arithmetic error of monthly interpolation—per cent of 
true monthly precipitation 


Nearest station............... 29.1 | 27.4 49.0 | 38.2 32.9 
Mean of 3 surrounding stations.; 15.9 | 23.9 20.7 
Inclined-plane method......... 20.3 | 184 428 | 20.5 21.4 
Fournie method............... | 15.9 | 23.7 459 246 24.1 


Accuracy of Interpolation. There is, of course, no absolutely accurate 
or certain method of rainfall interpolation. The accuracy which may be 
attained in a given case depends not only on the method used, but also on 
the proximity of the base stations to the interpolation station and on the 
variability of rainfall in the region. The less the variability the greater 
the accuracy of interpolated values. Both the variability of rainfall and 
the percentage error by monthly interpolation are usually less for stations 
having high than for those of low mean annual rainfall. The degree of 
accuracy attainable in rainfall interpolation is illustrated by the data given 
in Table 1. Determination of the errors for the pluviometric ratio method 
in the form described above have not been made, but this method would 
apparently be equal to the better of the other methods in accuracy. The 
important points brought out by Table 1 are: : 
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(1) Three-station methods give arithmetic errors only about two- 
thirds as great as single station methods. 

(2) As between the various three-station methods described, the 
comparisons available are insufficient to determine their relative accuracy. 

There is apparently little choice in this respect. The method used 
in a given case may be determined by considerations of the data available 
and labor involved. Other studies, which need not be described here, 
indicate, however, that the accuracy obtainable by a combination of either 
the Fournie or pluviometric ratio method with the inclined-plane method, 
or by weighting the results by the method of inverse distances, is somewhat 
greater than that obtainable by the use of either the Fournie or pluviometric 
ratio method alone. The labor is, however, increased when the combined 
methods are used. 


CORRECTION FOR SNow. 


A not uncommon method of measuring winter precipitation consists 
in exposing the ordinary 8-in. rain-gage can with funnel and measuring tube 
removed. The snow caught in the gage can is then reduced to water and 
measured. Experience shows that owing to wind effects a rain-gage can 

' so exposed almost invariably catches less than the amount of snow which 
falls on the level in a spot protected from drifting. Experience also shows 
that even where run-off records are of unquestionable accuracy, and cer- 
tainly not excessive, still the run-off for the winter season, November to 
April, is often nearly equal to and sometimes greater than the measured 
precipitation for the same season. This occurs in spite of the fact that all 
available information indicates that there is an average monthly evapora- 
tion loss from snow surfaces ranging from } to 1 in., and furthermore there 
is, as a rule, considerable contribution to, or increase of, surface and under- 
ground storage during the winter season. The conclusion is inevitable 
that measured precipitation for the winter season in northern states is 
quite generally deficient. Correct snow measurements can apparently 
be obtained only by:* . 
(a) Ground or snow-board measurement; or 
(b) The use of a gage protected by a Nipher shield. 

Although an American invention, available since 1878, this valuable device 
has been little used in the United States. Ground measurements of snow 
are made at most of the 200 regular U. 8S. Weather Bureau stations and 
probably at many private rainfall stations maintained by water-works 
departments and manufacturing companies. At a large number, prob- 
ably a majority, of the 4 000 coéperative rainfall stations in the United 
States, measurement of snow is made by exposing the gage can with the 
funnel removed. Ground measurement appears to be more common in 
high mountain and northern stations where snowfall is heavy than at 
southern stations. The use of the rain-gage can for snow measurement 
may lead to grossly deficient results, as illustrated by the following two 
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cases. These show the water equivalent of the snow caught in the rain 

gage can as compared with the actual water equivalent of the snowfall as 

determined by ground measurement in two heavy storms at Albany, N. Y. 
Dec. 26, 1913. Dec. 24, 1923. 


0.43 in. 0.28 in. 
1.43 ,, 1.13 ,, 


3.33 4.04 


In the first storm the actual precipitation was 3.33 times and in the second 
storm 4.04 times the amount caught in the gage can. Wind action deflects 


Fic. 5.— Action oF SNow ON GAGE. 


rain as well as snow from a rain gage, introducing an error of deficiency. 
The specific gravity of snow is much less than that of rain and the deficiency 
in catch for a given wind velocity is greatly increased for snowfall. The 
manner in which wind eddies deflect snow away from a rain gage is illus- 
trated by Fig. 5. The error in catch of snowfall may be determined either 
by comparison of the gage-can measurement with ground measurement, 


| | 
| 
| 
Correction factor.......... 
x 420 
‘x 
Supporting 
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or by comparison of an unprotected gage with one having a Nipher shield. 
The results of a comparison by the latter method are given by Hann- 
Siiring (ref. 3). 

CoMPARISON OF SHIELDED AND UNSHIELDED Rain GaAGEs. 

Excess of shielded Nipher 


gage over unshielded Winp VE vocirty. 
gage, per cent. 2-3 mi. per hr. 12 mi. and over. 
13 per cent 60 per cent 


Hann-Siiring have shown that many existing long rainfall records 
are defective due to this cause, especially in northern climates where the 


TABLE 2. 


CoMPARISON OF SNOWFALL MEASURED BY STANDARD Rartn-GaGE OvEeRFLOW CAN 
AND BY SNow Boarp. 


Horton Hyprotoaic Lasorarory, 1920. 


Water EQuivaALENT 
Date on OF SNOW. Depth 
1920. Snow Board. on 
Board. Gage Snow Can. Ground. 
Can. Board. 
(6) 
In. In. In. In. 
| 5.88 .142 151 1.06 
1.00 041 1.00 8.50 
4.25 .209 230 1.10 11.87 
| 1.50 046 057 1.24 13.00 
| 0.75 159 .193 1.21 18.37 
| 3.63 175 .302 1.73 15.00 
0.75 .022 029 1.32 
| 2.38 071 091 1.28 
1.16 


snowfall is heavy. For example, at Peiszenburg it was found that the actual 
precipitation is 84 per cent greater than that given by an existing long 
record, while at Breslau a correction factor of 1.33 is required. 

Having found it necessary to correct many precipitation records for 
deficiency of snow measurement before they could be used for water loss 
studies, a series of comparative measurements was instituted at the author’s 
laboratory, latitude 42° 40’, elevation 300 ft. above tide. The results 
covering four winter seasons are given in Tables 2, 3, and 4. 

The true snowfall was determined by measurements on a snow board 
devised by the author and consisting of a sheet of white beaver board about 
16 in. square, with a layer of cotton flannel, nappe uppermost, tacked on 
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the surface of the beaver board. After each reading was taken the snow 
board was cleaned and dried and laid on the surface of the newly fallen, 
undisturbed snow. In taking the readings the gage can was first weighed, 
the snow then removed therefrom, and a sample cut out of the snow on the 


TABLE 3. 


CoMPARISON OF SNOWFALL MEASURED BY STANDARD Rain-GaGE OvERFLOW CAN 
AND BY SNow Boarp. 


Horton Hyproiocic LABORATORY. 


1920-21 anp 1921-22 


Water EQuivaLeNtT Ratio 
Depth or CauGnt. Density 
Date. Board. a 
now Snow 
Board. Board. 
(1) (2) (3) (4) (5) (6) 
In. In. In. 
1920 
1921 
0.42 .082 .090 1.10 .214 
0.25 .032 .041 1.28 .164 
2.00 .287 .289 1.00 .144 
0.42 .007 .014 2.00 .033 
7.25 .o22 717 2.22 .099 
0.50 017 017 1.00 034 
28.05 2.618 3.135 1.20 115 
1921 
2.00 .082 157 1.93 .079 
0.19 081 049 0.61 388 
0.03 .003 .004 1.20 133 
2.25 .280 .286 1.04 .127 
1922 
0.38 .019 .020 1.05 .053 
0.50 .080 .085 1.05 .170 
2.62 .235 .254 1.08 .097 
5.50 256 .284 1.11 .052 
14.28 1.195 1.338 1.12 .085 


snow board by inverting the gage can over the snow board, like a cookie 
cutter, then picking up gage can and snow board together, so as to get a 
perfect sample in the gage can. The gage can was then again weighed. 
An accurate torsion balance was used, making it possible in all cases to 
determine the water equivalent of the snow to the nearest thousandth of | 
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an inch of water. It is convenient to note that using the U. S. Weather 
Bureau pattern 8-in. diameter rain gage, 1 oz. of snow caught therein is 
equivalent to a depth of 0.034 in. of water. 

It will be noted that in very light snow flurries the amount caught 
on the snow board may be equal to or less than that caught in the gage can. 


TABLE 4. 
ComPaRISON OF SNow Boarp AND Rarn-GaGE CAN MEASUREMENTS OF SNOWFALL. 


1922-23. 


Water EquivaLeNnt 
or Snow 


Inches. 
Remarks. 


Gage Snow 
Can. Board. 


RAS 


2 
5. 
8. 
3. 
3. 
8 
4 
2. 
2. 
2. 
3. 
0. 
0. 
48. 


Area of 8 in. gage can =50.27(] in. 


62.4 X 16 


i728 .5777 oz. per cu. in. 


50.27 X .5777 = 29.041 oz. per 1 in. depth in can. 
.0344 in. depth per 1 oz. in can. 


In all heavier snows the catch on the snow board was greater, and by a 
fairly consistent percentage. Much of the snow falls when the tempera- 
ture is about 32 degrees, and while the type of snow board used was specially 
designed to simulate a snow surface, and prevent melting, the results in- 
dicate that in very light snow flurries the snow board may give deficient 
results, 


on 

Date. 

Board. Can. Snow. | 

(2) @. | @ | 6) | | 

2 In. In. In. 

1922 

Dec. 15.. .235 117.5 .130 

.647 .737 114.0 .147 

1.318 1.466 111.2 .178 

1923 

.384 .394 102.5 .102 

.307 391 127.4 y. 

782 | .924 | 1181 | -109 

15: . .462 101.0 .104 

.146 .160 109.5 .071 

10.. 171 118.0 .076 

.436 .592 135.9 .176 
082 | .178 | 2175 | 

aS Mar. 26. . .025 .0327 129.8 .130 

5.139 5.952 | 116.%*| .123° 

5.952 5.952 

= —_ = ]] = —_ =, 
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During the first two winters the rain-gage can and the snow board 
were both exposed on the ice about 25 ft. from the north edge of a pond at 
the author’s laboratory. The pond is about 100 ft. wide and several hun- 
dred feet in length, running in an easterly and westerly direction. The 
north slope to the pond ranges from 10 to 20 ft. per hundred and the pond 
is protected on the northern edge by trees and shrubs. The south bank is 
abrupt and wooded. Snow drifts on the pond surface only on rare occa- 
sions. The results were, however, sometimes lost by snow blowing off 
the snow board, which was accordingly removed to a point 50 ft. north 
of the pond for the third and fourth winters. The average correction factor 
to be applied to the gage-can measurement to obtain the true snowfall, 
expressed as water equivalent, was as follows: 


The consistency of these results is gratifying and indicates that a fairly 
reliable correction for deficiency of catch of snowfall may be made where 
necessary. In order to apply these results elsewhere it is necessary to take 
into consideration, — 

(1) The gage can used in the experiments had its funnel about 4 ft. 
above ground and had as good protection from wind action by surrounding 
adjacent slopes, trees and shrubs as can ordinarily be obtained. Only 
very well located rain gages will give as small a deficiency of snowfall catch. 
For the average voluntary rainfall station the snow correction should 
probably be greater. 

(2) In the climate of Albany and vicinity two-thirds to three-fourths 
of the precipitation from November to April, inclusive,,falls as snow. 

It is usually desirable to make the correction once and for all to the 
entire winter precipitation. The percentage of the total precipitation 
falling as snow varies both with latitude and elevation. In extreme north- . 
ern climates the snow is drier and the deficiency of catch increases. For 
the purpose of correcting winter precipitation in estimating water losses 
a tentative correction factor has been used, which is represented by the 
formula: 


Percentage increase = 1.5 (¢6—35)+ ar 


This gives the percentage by which the total winter precipitation, November 
to April, inclusive, measured by the rain-gage can method, is to be increased 
to obtain the estimated true winter precipitation. @ is the latitude of 
the station and E is its elevation, feet above tide. For the author’s station 
this formula gives a correction of 12 per cent which is the same as assuming 
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that three-fourths of the winter precipitation falls as snow, with a cor- 
rection of 16 per cent for snowfall. So far as tried out the use of this cor- 
rection has had the effect of making the winter precipitation consistent 
with the measured run-off of northern streams, with an allowance of 3 in. 
to 6 in. for winter water losses. Of course the correction should only be 
applied to stations where snow measurement is made by the gage-can 
method. 

Subdivision of the available records fora given drainage area into 
summer and winter seasonal totals will sometimes show a marked deficiency 
in winter precipitation at certain stations without apparent reason, indicat- 
ing cases where the correction is clearly required. If it is known that a 
rain gage has been located at a height above ground greater than 4 or 5 ft., 
or is in a very exposed position, a greater correction than that indicated by 
the formula may be required. If the height of the gage is known the cor- 
rection may be made proportional to the square root of the height of the 
gage can above ground, as in the Abbe formula for wind effect. For 
example, if the calculated correction is 12 per cent for a gage 4 ft. above 
ground, as used in the experiments, then for a gage 9 ft. above ground the 
correction may be taken as 12 ¥9/4=18%. 


CriTiIcAL EXAMINATION OF RECORDS. 


Before going further it is worth while to make a critical examination 
of the available records as to their homogeneity and relative accuracy. 
The fact that two rainfall records, even when taken at closely adjacent 
stations, show different long-term means affords no certain proof that either 
record is in error. Experience indicates that closely adjacent gages will 
often commonly differ in yearly precipitation amounts by say 5 per cent, 
the differences increasing for shorter time intervals. These differences 
may be and commonly are due to real differences resulting from climatic 
and topographic conditions. One station may lie to the leeward of a well- 
developed thunderstorm breeding ground and so may receive a larger 
amount of summer-time convective rainfall than the other (ref. 6). One 
station may be so situated as to receive more orographic precipitation than 
the other. This effect is usually most pronounced in the winter. Serious 
errors in rainfall records are more likely to result from poor exposure or lack 
of shielding of the gage from the wind than from any other cause, although 
a rainfall record may be defective owing to the gage not standing perpen- 
dicular or, though rarely, owing to a leaky gage being used for a long time 
without repair. Leaks in outer gage can not infrequently result from freez- 
ing of water in the gage in the winter when the inner tube is removed. Such 
a leak has no effect on the catch of snowfall unless the snow melts, and of 
course has no effect on the catch of rainfall when the inner tube is in use. 

All the conditions above described tend to give too small a recorded 
rainfall. If the gage stands where it catches drip from trees, buildings or 
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electric wires, or if it is so close to the ground that snow drifts into it, it 
may give excessive results. 

The usual height of exposure of a rain gage at voluntary stations is 
4to6ft. According to the Abbe formula (ref. 1), the percentage of catch 
of rainfall due to wind action where the gage stands above ground level is 
approximately : 

Per cent error =3.32 WH. 


Using a gage with the funnel one foot above ground as a standard, the 
error for a gage 4 ft. above ground, according to this formula, would be 
6.64 per cent. This error will exist only in case the gage is wholly unpro- 
tected from the wind. Although this deficiency in catch of rain gages was 
experimentally proven in New England by Edmund B. Weston and has 
been repeatedly proven elsewhere, yet hitherto it has not been customary 
to correct rainfall records for such deficiency, partly because many rain 
gages are surrounded by shrubs and buildings, practically or at least par- 
tially equivalent to a Nipher shield. Nevertheless it appears certain that 
most rainfall records in the United States are slightly deficient as compared 
with a gage at ground level or a pit gage, such as used in England. Prof. 
A. J. Henry remarks (ref. 7): 


“With regard to the elevation of the Weather Bureau gages high above 
ground on the roofs of large flat buildings . . . In general it does not seem 
possible to avoid the conclusion that the observed amount of precipitation 
falls short of the true amount by quantities varying from 5 to 10 per cent. 
of the annual rainfall.” 


In view of the fact that it is often difficult to determine precisely whether 
a correction is required or not, and since it would probably be impossible 
to have the correction for wind introduced as a general custom, no attempt 
has been made by the Committee on Water Losses to correct rainfall 
records for wind effect in the summer time unless there were specific data 
available indicating the nature and necessity of the correction required. 

From the preceding it is evidently desirable in seeking the sources of 
differences between two rainfall records to compare them for winter and 
summer periods separately. Of course the difference between two records 
may be so great as to make it practically certain that one is in error, yet 
most persons will hesitate to reject a rainfall record altogether unless some 
reason is known for so doing other than the mere fact that it differs from 
a record at an adjacent station. If a rainfall record looks suspicious the 
first thing to seek is, of course, information regarding the exposure of the 
rain gage. Records sometimes lack homogeneity and show wider varia- 
tions of rainfall than they should owing to changes in gage location. When 
an original gage location is found to be poor it is sometimes changed and 
no record made of the change. If a record is not homogeneous the fact 
will sometimes be revealed by plotting the record in parellel with those 
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for adjacent stations having homogeneous records or by comparing the 
ratios of the means for three, five or ten years’ successive periods taken 
with relation to the long-term mean. 

It is of course true that large variations in actual rainfall amount may 
occur within comparatively short distances. The rainfall at Honolulu is 
25 in., that on the Koolau mountains five miles away is 100 in. (ref. 9). 
The case of Ben Nevis and Fort William, where there is an increase of 100 
per cent in rainfall in four miles, has already been cited (ref. 10). Causal 
conditions for such variations are however obvious in the existing topog- 
raphy. Cases will arise where there are no adequate climatic or topo- 
graphic reasons sufficient to explain existing differences in rainfall records 
at adjacent stations. There is no fixed rule by which it may be determined 
whether a given record which is apparently discordant should be rejected 
or not. There are, however, certain criteria which are indicators of the 
consistency and homogeneity of a given record. These include: 

(a) The coefficient of variability. 
(b) The range ratio. 


COEFFICIENT OF VARIABILITY. 


If in a series of N data, such as annual rainfall amounts, whose mean 
is M, the departures A of the individual values from the mean are deter- 
mined, then the quantity 


100 
M N 


is called the coefficient of variability. The quantity under the radical is 
the standard deviation. The coefficient of variability is the ratio of the 
standard deviation to the mean, expressed as a percentage of the latter. 
If expressed merely as a ratio and not as a percentage the resulting factor 
may be called simply the “ variability.”” The variability is a valuable 
index of the dispersion or scattering of a series of events about the mean. 

Since, as already pointed out, the relative rainfall amounts at adjacent 
stations for the same time intervals usually agree closely, it would be 
expected that the variability for reliable rainfall records in a given region 
should be of the same order of value. This is found to be the case. Mr. 
Allen Hazen (ref. 8) has published a map deduced from the longer rainfall 
records, which is reproduced as Fig. 6, showing the variability of rainfall 
throughout the United States. East of the Mississippi the variability 
factor has values usually between the limits 0.14 and 0.18. The variability 
is largely a regional factor, depending on the structure of the climate rather 
than on the rainfall amount, although it varies with the latter indirectly, 
since the same causes which produce low rainfall usually produce high 
variability. In the Colorado River valley of Arizona and southern Cali- 
fornia, with a rainfall around 5 in., the variability reaches the maximum 
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value for the United States of 0.50. On the northwestern Pacific Coast 
in the State of Washington, with over 100 in. rainfall or more than 20 times 
as much as in the Colorado valley, the variability is 0.18: The lowest 
variability in the United States is 0.14 in northern New England and along 
the northern margin of the Great Lakes. There is some resemblance 
between a map of rainfall variability and one of thunderstorm frequency. 
In general, regions where a large portion of the summer precipitation is 
of convective origin are those of high variability. This would be expected, 
since thunderstorm rainfall is much more erratic in its occurrence than 
purely cyclonic or cyclonic-orographic rainfall. A rainfall record, like 
any other system of human measurement, cannot be held free from errors. 
The variability factor shows the resultant effect of variations in rainfall 
due to natural causes and also variations due to errors. If the errors are 
large the calculated variability will usually be abnormally high as com- 
pared with that prevailing generally in the same region. Since the true 
variability of rainfall in a given region is nearly constant, the variability 
may be used as a criterion to test the accuracy of a rainfall record. Un- 
fortunately, it requires a comparatively long record to give the correct 
value of the rainfall variability at a given station. The shorter the record 
the higher is the apparent variability. If the record is accurate and homo- 
geneous the variability should approach the normal for the region as the 
duration of the record increases. If there has been a change in exposure 
or other conditions it affects the homogeneity of a rainfall record and it 
is quite certain to be reflected in a high variability factor. 

There are in New England several very long rainfall records. Data 
for eleven such records, each 57 years or more in length, are given in Table 5. 
The variability is below 0.16, with two exceptions, Albany and Boston, 
and each of these records is composite, i.e., it is made up by piecing together 
information of simultaneous records by different observers with different 
rain-gage exposures. These data indicate that in northeastern United 
States a rainfall record of thirty or more years’ duration showing a 
variability factor exceeding say 0.20 demands critical examination. 


UsE OF THE RANGE Ratio. 


If a series of annual rainfall records is plotted with the years arranged 
in order of magnitude, a curve drawn through the plotted points may be 
used as an integral frequency curve. Thus if there are 100 years of record, 
the 10th highest value will have been equaled or exceeded on an average 
once in 10 years, the 20th highest once in 5 years, and so on. Plate I 
gives examples of such curves, the annual rainfall amounts being plotted 
in teyms of their ratios to the mean. The left-hand portion of the curve, 
corresponding to the shorter and better determined exceedance intervals, 
is smooth and uniform; the less frequent higher values to the right are 
more scattered, owing to the fact that some of these have occurred out of 
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their turn. For example, a 100-year record may contain a year with rain- 
fall so great that it will not be exceeded as often as once in 200 years, or it 
may not contain as many as five 20-year exceedance intervals. 

The Gaussian law of error and various modifications thereof have 
been used to represent frequency curves of rainfall. Such formule seem 
to the author defective for the reason that they are in a form which indicates 
the possibility of an infinite value of the event if the record or exceedance 
interval is only made long enough. To use a homely, but I think very 
appropriate, illustration, there is just as much probability of a rainfall of 
1 000 in. in a year at Boston, — the climate remaining the same, — as 
there is that an ordinary domestic hen will lay an egg a yard in diameter. 
Both are impossible and for very much the same reasons. The hen is not 
large enough and in the case of rainfall nature’s capabilities are inadequate, 
— the available moisture supply is not large enough. Assuming the truth 
of the proposition, which probably every one will accept, that there is some, 
though perhaps unknown, limit to the amount of rainfall, either maximum 
or minimum, which nature can produce in one year at a given place as long 
as general climatic conditions remain as they are, then it is evident that as 
the exceedance interval increases, the exceedance curve, Plate I, should 
approach a horizontal or asymptotic line representing this maximum value. 

If an equation can be found which accurately represents the left-hand 
portion of such a curve or the portion corresponding to the greater fre- 
quencies or shorter exceedance intervals, this equation being of such form 
that it approaches a horizontal or asymptotic line as the exceedance interval 
.increases, then the maximum or limiting value of the ratio of the annual 
rainfall for any one year to the mean can be determined. Plotted in this 
form, however, the data do not afford a basis for determining the minimum 
ratio of the annual rainfall to the mean. In order to determine the latter 
the data are again to be arranged in order of magnitude, but this time 
beginning with the lowest annual rainfall and the average time intervals 
at which rainfall amounts having less than a given ratio to the mean ¢om- 
puted. The average interval at which an event may be expected to occur 
having a value less than some assigned value is designated for convenience 
the subceedance interval. 

In such a curve the annual rainfall ratios also approach an asymptotic 
line as the subceedance interval increases. A pair of such curves affords a 
basis of determining both the maximum and the minimum annual rainfall 
which can occur at a given station. An expression, the graph of which 
fits the better determined portion of the rainfall exceedance curve and 
meets the requirement of approaching a horizontal asymptote as a limit, 
as the exceedance interval increases, is, 


R=B+(A—B) | 
and for subceedance curves, 
R=B+(A—B) 
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where R is the ratio of the rainfall having an exceedance or subceedance 
interval to the mean rainfall. A, B, k, and n are constants to be evaluated 
from the better determined portion of the curve. The line CD, Plate I, 
was plotted from the formula deduced for Boston. It will be noted that 
the calculated curve and the plotted points are in almost perfect agreement 
for all but a few of the higher values of R, representing, as already explained, 
rainfall amounts which have occurred out of their turn. The method of 
calculating the constants in this formula is somewhat involved and need 
not be detailed here. The point to which attention is especially directed 
is that the procedure described affords a method of determining from the 
more frequent and most certain values the frequency equation for a given 
rainfall record. This frequency equation contains as necessary constants 
values A and B, representing approximately at least the greatest and small- 
est annual amounts of rainfall which can ever occur at the given station, 
whether the rainfall record used happens to contain actual values closely 
approaching these limiting values or not. The constants in the frequency 
equation above given have been determined for eleven long New England 
rainfall records and are given in columns (9) and (12) of Table 5. 

In finding the constants, a value of A or B is assumed and values of 
the other constants calculated. If the resulting values of R are in good 
agreement with the left-hand portion of the curve, A must be about correct. 
However, a variation of 5 or 10 per cent in the value of A from the true 
value is often about the least which will produce a noticeable departure of 
the calculated from the observed curve. This represents the limit of 
accuracy to which the maximum and minimum possible values of R can 
be determined. It is therefore always possible that an annual maximum 
rainfall 5 to 10 per cent greater or 5 to 10 per cent less than that indi- 
cated by the formula may occur. 

It will be interesting to see how the maximum and minimum observed 

_yearly rainfall amounts in these long records compare with the maximum 
calculated maximum and minimum possible amounts. At Boston, for 
example, the highest observed rainfall in 88 years is 1.49 times the mean; 
the calculated maximum is 1.58 times the mean, but since this may be in 
error at least 0.05, a rainfall of 1.63 times the mean appears possible. The 
least rainfall that has occurred is 0.61 of the mean; the value of the con- 
stant B is 0.55 of the mean, and the least possible amount may be taken as 
0.50 of the mean. In several instances the highest and lowest values ever 
observed in these long records are considerably short of the limiting values. 
In other cases values closely approximating the limiting values have been 
observed. 

The application of these results to the matter of testing the validity of 
any rainfall record may now be considered. For this purpose it is best 
to use the maximum range ratio or ratio of the difference between the 
limiting maximum and minimum annual rainfall amounts to the mean. 
The observed ranges and the calculated and limiting ranges for the eleven 
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stations are given in Table 6. In no case has the actual range ratio been 
as great as unity. The calculated maximum range ratio obtained by 
taking the difference between the constants A and B is usually near unity 
and sometimes slightly exceeds it. While there are reasons for believing 
that the differences in the constants and resulting range ratios for the 
several stations are due to actual differences in conditions governing rain- 
fall, yet since none of the calculated range ratios materially exceeds unity 
it is safe to assume that if anywhere in New England a rainfall record is 
found in which the range ratio much exceeds unity, the record is open to 


TABLE 6. 
RANGE OF ANNUAL RAINFALL IN NEW ENGLAND. 


Per CENT oF ANNUAL MEAN. 


Calculated 
i Years of Observed 


suspicion. This criterion is better than that of variability. It is simple, 
direct and applies to a short as well as to a long record. Unfortunately, 
limiting values of the range ratios are not available outside of New England. 
For the eleven New England records given the average calculated range 
ratio is 0.86 and the average observed range ratio is 0.70. Applying the 
ratio of these quantities to the maximum observed range ratios derived 
from long records in other regions, an approximation of the limiting ratios 
elsewhere may perhaps be obtained. The range ratio usually increases 
as the duration of the record increases. approaching its limiting value only 
for a very long record. The range ratio is related to the mean rainfall 
and also to the rainfall variability. 

It has no doubt occurred to you that if so much preliminary work must 
be done, the task of determining the average precipitation over a drainage 
basin would be endless. Fortunately the critical analyses last described 
need be made only in occasional instances. The criteria given will not 
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always serve to confirm or condemn a record that appears suspicious, but 
they are the best that are available. 

One more correction may be required, vaishe, for deviate: Con- 
sideration of this will be deferred until after the discussion of methods of 
calculating areal mean rainfall. 


CALCULATION OF AREAL MEAN RAINFALL. 


Arbitrary Weighting of Stations. Having the records compiled and 
corrected (except for elevation), the method of combining them to obtain 
the best value of the areal mean is next to be considered. If the area is 
large and rainfall records within the area numerous and evenly distributed, 
a direct average may be used. For medium and small-sized areas the use 
of some records lying outside the watershed boundary is often desirable 
and sometimes unavoidable. Furthermore, the stations will not, as a rule, 
be distributed geographically in such a manner as to justify giving them 
equal weights. Sometimes the different records are assigned arbitrary 
weights fixed by judgment. For example, an outside station might be 
given a weight one-half as great as a station within the watershed line. 
It is often difficult to determine proper weights by unaided judgment and 
different computers will usually not arrive at the same values (ref. 11). 

Thiessen’s Method. The fundamental principle of the Thiessen 
method (ref. 12 and 13) is that a rainfall record at any given station shall 
be used to represent the precipitation on that portion and only that portion 
of the drainage basin to which it lies nearer than any other station. 

In the application of the method a small scale outline of the watershed 
boundary should be drawn and the different rainfall stations within and 
adjacent to the area located on the same map. Fig. 8 illustrates such an 
outline map for a drainage basin having one station within the area, one 
on the margin and several outside. Lines connecting the different stations 
are drawn, as 1-2, 2-3, etc., and perpendiculars are erected at the median 
points on these lines, as AB, BC. EF and EK. Station 1 lies nearer than 
any other station to all points within the area enclosed by the dashed line 
GABEF and the portion of the watershed boundary FG. Station 2 lies 
nearest to the portion of the area GBHG, and station 3 lies nearest to the 
portion HBEKLMN. Points on the line GB are equidistant from stations 
land 2. Stations 6, 7, and 8 are not applicable to any portion of the area 
and may be eliminated. This is evident, for example, in the case of station 
6, since the perpendicular OP at the median point of the line 6-3 lies wholly 
outside the area. Points on this line are equidistant from stations 3 and 6. 
Hence no part of the area is as near to station 6 as to station 3. The sub- 
areas representing portions of the drainage basin nearest to each individual 
station may be determined by planimeter and the corresponding percent- 
ages of the total area computed. These percentages of the total area 
represent the weights to be assigned to the corresponding stations. The 
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graphical construction is easily carried out for any form of area and com- 
bination of stations after a little practice. One advantage of the method 
is that the determination of weights is a purely geometrical process and 
different persons will obtain the same results. Since perpendiculars erected 


Shartsville 


Fig. 8.— GrapuicaL MetTuop OF SELECTING RAINFALL STATIGNS APPLICABLE TO A 
DratnaGE AREA, AND OF DETERMINING THEIR RELATIVE WEIGHTS. 


Shortsville 
Haskinville. .: 


at the median points of the three sides of a triangle intersect in a common 
point it is evident that the perpendiculars to the lines connecting any group 
of three stations will so intersect. This is illustrated by the point B in 
the case of the triangle 1-2-3, Fig. 8. The object of the geometrical con- 
struction is to determine the subarea which lies nearest to each individual 
station. The results can readily be checked by setting the point of a 
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compass at any location, such as s, which is in doubt, and then drawing 
an are through what appears to be the nearest station, — in this case, Romu- 


lus. The are MN shows that Romulus is the nearest station and therefore _ 


the point s is properly located within the Romulus subarea. It will sub- 
sequently be shown that the Thiessen method is best adapted for use in the 
case of a moderate-sized area where a limited number of rainfall stations 
is available. That, however, happens to be the most typical and common 
case in practice. The Thiessen method is not well adapted for use in the 
case of a very small area where, for example, there is a single station at one 
side of the drainage basin which happens to be nearer to all portions of the 
area than any other station, although there may be good stations a little 
more remote on the opposite side of the area. In such an instance stations 
on both sides of the area should in general be utilized. 

Having determined the weights by the Thiessen method, the pre- 
cipitation at each station for each time unit is multiplied by the correspond- 
ing weight and the sum of the resulting weighted quantities is used as the 
precipitation on the area for the given time unit. Examples of computa- 
tion by the Thiessen method are given in Table 8. 

Center of Gravity Method. The mean rainfall on a drainage basin is 
sometimes determined by assigning weights to the different records in- 
versely proportional to the distances of the several stations from the center 
of figure of the drainage basin. This method, which was suggested to 
the author by W. W. Peabody, is well adapted to use in a case such as that 
last described, but is open to question in some other cases. There appears 
to be no reason for applying to stations that lie well within limits of a 
drainage basin weights inversely proportional to their distances from the 
center of figure of the area. In Fig. 9 a comparison of the application of 
the center of gravity and Thiessen methods to the same area is illustrated. 
The center of gravity method gives weight to station A equal to that of 
station B, although station A is outside the drainage basin. It gives a 
weight to station A greater than to station D, although the portion of the 
area lying nearest to station D is larger than that lying nearest to station A. 
The Thiessen method automatically eliminates outside stations unless 
they lie nearest to some portion of the drainage area. By the center of 
gravity method there is no restriction as to the stations to be included, the 
limiting distances of stations used being determined by judgment. In 
general if two stations are nearly in the same line, one more remote than 
the other, only the nearer station would be utilized. 

Topographical conditions may be such that the use of the Thiessen 
method is not desirable. Such a condition exists in the case of some small 
basins feeding the lower Hudson River from the west, and illustrated 
schematically by Fig. 10. Here part of the drainage basin lies east of 
and below the Helderberg escarpment AB. To this portion station C may 
be applied, and although this station lies nearest of any to the part of the 
area west of AB it is not applicable above the escarpment AB. The rain- 
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fall west of this escarpment is much higher than at C, but quite uniform. 
The records for stations D and E may be applied to this part of the area 
with weights inversely proportional to their distances from the center of 
Fig. F of the upper area. 
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Fic. 9. — RELATIVE WEIGHTS OF RAINFALL STATIONS. 


Thiessen Method. Gen. Grav. Method. 
4.09 per cent 23.16 per cent 


Method of Isohyetal Lines. The rainfall contour map affords an excellent 
mode of graphical presentation of rainfall distribution over a drainage area. 
Such maps are sometimes used as a basis of determining the areal mean 
rainfall by planimeter measurement of the areas between successive iso- 
hyetal lines. 
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Let aj, a, a3 etc., be the areas between isohyets P,, Pi, and between 
1; P. 2) ete. 


Let 


P.+P,., 


then the mean precipitation P,, on the area is 


where A=a+a:+ax, etc.,=the total area. 
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Fic. 10.— Errect or MountTAIN ESCARPMENT ON RAINFALL DISTRIBUTION. 


The determination of the areal mean rainfall by this method for a long 
series of individual months is very laborious, since it involves drawing a 
separate rainfall contour map for each month. The preparation of such 
maps is only practicable where there is a sufficient number of rainfall 
stations within and closely adjacent to the drainage basin. 

Dr. Julius Hann (ref. 7) states: 


“My opinion is that there is no well-established basis for drawing 
isohyetal charts for individual months — having regard to altitude, wind 
direction, or the distribution of forests — that shall represent anything 
more than a subjective work of the imagination. In so far as the distri- 
bution of rain thus presented departs from the quantities actually measured 
it is arbitrary, and every draftsman will produce a different picture. Such 
charts may even be hurtful and productive of error, if it is forgotten that 
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in many places they are purely hypothetical. When one looks at something 
that is well drawn, he generally assumes it to be correct. Even the expert 
cannot, of course, without some reserve, divest himself of the impression 
made by such a chart.” 


While the contour method may be theoretically the most accurate of 
any yet devised, there is a question whether its accuracy may not be some- 
what fictitious, especially when the number of rainfall stations is meagre. 
In such a case two computers may differ in the location of contours. Fur- 
thermore, in drawing isohyetal maps the rainfall. contours are usually 
assumed to occupy the same positions which they would occupy if they 
were really ground surface contours based on elevations corresponding to 
the measured rainfall at the different stations. If rainfall varies with the 
topography the contours so drawn may not be in their true locations. 

Precipitation on Small Areas at High Elevations. Cases requiring 
the determination of rainfall on a small area and at a high elevation where 
there is no rainfall station within the area are perhaps more apt to arise 
in connection with water-works practice than elsewhere, since such basins 
frequently form the sources of gravity water supplies. Problems will arise 
that tax the ingenuity and they must be solved, if at all, by methods devel- 
oped to meet the particular conditions and data available. 

An ingenious method of determining the mean rainfall on small areas 
draining high mountain slopes of the Sierras has been suggested by Charles 
H. Lee (ref. 14). The rainfall data are meagre and insufficient for independ- 
ent determination of the areal mean precipitation on the small individual 
basins. The relation of precipitation to elevation is, however, quite uni- 
form and has been determined. The areas have characteristic forms con- 
sisting of triangles with their bases along the crest of the mountain range, 
alternating with lower-lying triangular basins with their vertices upward. 
For uniform variation of precipitation with elevation in such a case, the 
mean precipitation on the drainage basin is the same as that at the center 
of figure of the area. This for a triangular area is one-third the distance 
from the base to the apex. Thus for a basin with apex upward, the mean 
precipitation is the same as that at one-third the distance up the slope, 
while for a basin with apex downward the mean is the same as for a pre- 
cipitation two-thirds the distance up the slope from the apex. It is interest- 
ing to note that if two such equal adjacent basins extend between equal 
limits of elevation they will have considerably different areal mean rain- 
falls. For example, if the rainfall increases from 10 in. at the foot of the 
slope to 25 in. at the headwater divide, the mean rainfall on a basin with 


apex upward will be 15 in., while on an adjacent basin of equal width with 
apex downward it will be 20 in. Two such basins would differ materially 
in run-off, although equal in size, identical in shape and slope, and although 
rain gages at the same elevations in both basins would give the same results. 

It is evident that no single method of determining areal rainfall means is 
adapted to all cases. The method to be used in each instance depends upon: 
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(1) Size, shape and topography of the drainage basin. 

(2) Number and positions of the rain gages in relation to the area. 

(3) Accuracy obtainable and accuracy desired in the result. 

(4) Labor involved in the reduction of the data. 

As elsewhere in hydrologic work, the principle of making use of all the 
available information should in general be followed. Fragmentary records 
are better than none, but they may be disregarded when there are closely _ 
adjacent continuous records or when the number of records available is 
more than sufficient to secure the desired degree of accuracy. 


CORRECTION OF RAINFALL FOR ELEVATION. 


If a drainage basin is oriented in the direction from which the prevail- 
ing rain-bearing winds are derived, the rainfall usually increases with eleva- 
tion This is not always true, since elevation usually increases pro- 
ceeding inland and since a portion of the moisture providing rainfall is 
usually derived from the ocean it may happen that the decrease in precipi- 
tation proceeding inland as a result of increased dryness of the air may equal 
or overbalance the increase due to higher elevation. This occurs, for 
example, in the Mississippi Valley, where the increase of elevation is so 
gradual that the rainfall decreases proceeding inland or upstream from the 
Gulf of Mexico. 

It often happens that the majority of the rainfall stations available 
for use in determining the average precipitation over a given drainage 
basin are located at the lower elevations. Rainfall stations are more com- 
mon in stream valleys than at higher elevations, since most cities and towns 
are in the valleys. If rainfall increases with elevation and the mean eleva- 
tion of the rainfall stations is not the same as the mean elevation of the 
drainage basin, a correction of the rainfall records for elevation is obvi- 
ously desirable. The correction of rainfall for elevation is most necessary 
in case of rainfall stations lying outside the drainage basin. It may, how- 
ever, be necessary also for stations within the watershed boundary. In 
applying the Thiessen method each rainfall station is given a weight pro- 
portional to the part of the drainage basin to which it lies nearest. 
Frequently the elevation of the rainfall station is not the same as the 
mean elevation of the subarea to which it applies and an elevation cor- 
rection is needed. 

It is convenient to consider two classes of cases: 

(1) Those where there is a definite and regular relation of precipitation 
to ground elevation. 

(2) Those where the rainfall is related to what may properly be 
termed the dominant elevation rather than to the actual ground elevation 
at the rainfall stations. 

The first condition, namely, that of a more or less definite relation of 
precipitation to ground elevation, is most likely to occur where a drainage 
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basin is oriented so that the prevailing slopes are toward the direction from 
which the principal rain-bearing winds are derived. In this case a consis- 
‘tent rain-elevation correction curve can usually be obtained by plotting 
the mean precipitation for simultaneous intervals at different stations as 
ordinates in terms of the elevations of the stations as abscissas. It is some- 
times desirable to prepare separate curves for the summer and winter 
seasons, since the proportion of orographic precipitation and hence the 
increase of precipitation with elevation is generally greater in winter than 
insummer. Having given such correction curves, the precipitation at each 
station can if desired be corrected to mean elevation of the basin before 
applying the data to the calculation of the areal mean precipitation. If 
the Thiessen method is used the precipitation for each station can be 
corrected to the mean elevation of the subarea to which the station applies. 
Correction of the records for the individual stations involves, however, 
unnecessary labor, since it is usually possible to correct the areal mean 
precipitation for a given month or season directly without correcting the 
individual station records. If the several rainfall records are given equal 
weights the correction factor is obtained by finding from the rainfall eleva- 
tion curve the ratio of the average precipitation at the mean elevation of 
the rainfall stations to the average precipitation at the mean elevation 
of the drainage basin. The areal mean is multiplied by this ratio as a 
correction factor. © 

If the rainfall stations are given different weights, as for example, in 
the Thiessen or center of gravity methods, a blanket correction can still 
be applied, but in this case the weighted mean elevation of the stations is 
to be used instead of their average elevation. This is obtained by multi- 
plying the elevation of each rainfall station by its weight and dividing the 
sum of the products by the sum of the weights, if other than unity. The 
ratio of the average precipitation corresponding to the weighted mean ele- 
vation of the rainfall stations to that corresponding to the mean elevation 
of the drainage basin is then determined and applied as a correction 
factor, as before. 

Use of Dominant Elevations. If a stream valley is so oriented that 
the prevailing rain-bearing winds blow across rather than with the streams, 
then records for rain gages located in the valleys may show no consistent 
relation to their actual elevations, although there may be a general increase 
in precipitation with elevation for the basin as a whole. In such cases a 
low-lying valley station may show about the same precipitation as a much 
higher station on the margin of the valley in line with the same air current. 
Here the amount of rainfall at either station is controlled not by the actual 
ground elevation but by the highest or dominant elevation over which the 
rain-bearing wind must pass before it reaches the stations. 

The upper Rondout or Lackawack drainage basin in the southern 
Catskill region of New York affords an illustration of this condition. The 
locations of rainfall stations are shown on Fig. 11. Using Lackawack as 
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a base station, the ratio of the annual precipitation for each year and sta- 

tion to that for the same year at Lackawack was computed. The means 
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Fic. 11.— Location or RAINFALL Stations, Ronpout Creek Basin, N. Y. 


of these ratios for periods when rain gages were at different locations and 
elevations are shown in column (4) of Table 7. It will be noted that there 
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is no consistent relation between the ratio to Lackawack and the elevation 
of a given gage. In some instances the ratio is higher and in some instances 
lower for the higher of two gages. This suggests that the dominant topog- 
raphy rather than the precise elevation of the gage in the Rondout Valley 
is the determining factor. 

From a careful study of the U. S. Geological Survey topographic map 
the dominant elevation corresponding to each gage was determined. This 


TABLE 7. 


RELATIVE RAINFALL AT STATIONS ADJACENT TO BEERKILL DRAINAGE BASIN. 


Ratio To LacKAWACK. 


Yearly Domi- 
Station. Actual Ratio to nant 
Elevation. Lackawack. Summer, Winter. 


(6) (7) 


(2) (3) 


1907-1909 
1909-1921 


1914-1917 


1907-1908 
1908-1916 


1907-1913 
1914-1921 


1907-1908 


1907-1915 
1916-1917 


1918-1921 


1.00 1.00 


89 96 


.92 
99 
95 


95 


1.08 


w 


or 


1908-1911 
1912-1921 


1907-1910 
1911-1917 


S 


was taken as the least elevation to which a moisture-laden air current from 
the south or southeast must rise over intervening topographic features 
before it can reach a point over the gage. The dominant elevation may 
be higher but cannot be lower than the gage elevation. For most of the 
gages, with the exception of those at Sundown and Peekamoose, the domi- 
nant and actual elevations are about the same. Plotting the ratios of pre- 
cipitation to that at Lackawack in terms of dominant rather than actual 
elevation, a fairly consistent and nearly lineal increase of rainfall with ele- 


(1) | | = | (5) | 
| Napanoch...... 600 
High Falls... . . 220 s00 
Grahamville. . . . = ‘1000 
Tanase. 990 990 1.07 1.08 
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1550 1500 | 1.04 1.08 
2300 summ. 
1680 win. | 1. 2 123 | 1.34 
Claryville...... 1750 1 
1590 \ 1 \ 2000 1.09 1.12 
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vation is obtained, Fig. 12. The ratios to the precipitation at Lacka- 
wack for summer and winter seasons can be expressed in the form 
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P, being the precipitation at Lackawack, elevation 600, and H the dominant 
elevation controlling the air currents blowing over a given portion of the 


region. 
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Fig. 12.— Ratio or PrecipPiraTion aT Ronpovut Bastin STATIONS TO PRECIPITATION 
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A rainfall-elevation curve based on dominant elevations is used in the 
same way as the ordinary relation curve, except that the correction factor 
is determined from the dominant instead of the actual elevations, both of 
the rainfall stations and of the areas or subareas. 


TuHE INDEX StTaTION METHOD. 


It is much less laborious to calculate areal mean precipitation for 
winter and summer seasons only than for the individual months of the year. 
This is especially true where correction for snow catch is necessary. When 
it is desired to determine the precipitation on an area month by month, a 
convenient method is to first calculate the precipitation for the individual 
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Fig. 13.— DratnaGE Basins AND RAINFALL StTaTIONS AUSABLE AND SARANAC RIVERS 


winter and summer six months’ periods and then distribute these results 
among the separate months by the Index station method. This method 
depends on the Kamtz principle already cited, and consists in finding the 
ratio of the precipitation in each month to the total for the season at one, 
two or three typical stations and multiplying the seasonal total by the mean 
of these ratios for each month and using the results as the monthly areal 
means. This will not give a precise determination of the precipitation for 
each month, but since the seasonal total is correct, the errors in monthly 
amount will compensate in the course of the season. The method is limited 
in its applicability. It is not desirable or economical to use it if the number 
of stations is very small, nor is it desirable to use it if the area is large and 
the number of stations so great that a direct average of the rainfall at the 
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different stations can be utilized. In such a case it is nearly as easy and 
more accurate to take a straight average of all the stations, month by month. 

As an illustration of the application of the Index station method, 
Table 8 is given, showing the precipitation on the Saranac and Ausable 
drainage basins as calculated by the Thiessen method for the individual 
months of the year 1913. The locations of rainfall stations and the sub- 
divisions of the area used with the Thiessen method are shown in Fig. 13. 
In Table 8, Section A, for the Saranac basin, line 7 shows the monthly pre- 
cipitation by the Thiessen method and line 8 the monthly precipitation 
obtained from the annual total by the Index station method, using Gabriels 
a® an index station. In Section B, Table 8, for the Ausable basin, the areal 
means by the Thiessen method are given in line 4 and the monthly means 
obtained from the annual total by the Index station method, using Keene 
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Fig. 14.— IncrEASED CaTcH OF PRECIPITATION ON MouNTAIN SLOPES. 


Valley as an index station, are given in line 5. For the Ausable the agree- 
ment between the two methods is invariably good. In the case of the Sara- 
nac basin, which is larger, better results would no doubt have been obtained 
by the use of two index stations. The saving in labor effected by the use 
of the Index station method is indicated by the fact that for the determina- 
tion of the monthly precipitation on the Saranac basin in a single year by 
Thiessen’s method 156 operations are required, whereas for the determina- 
tion of the monthly precipitation by the Index station method only 36 
operations are required. 


Roor EFrect. 


A condition may exist where the measured precipitation on a drainage 
basin, even though accurately determined, does not truly represent the 
amount of rainfall. Suppose, for example, a drainage basin is steeply 
inclined to the windward, as shown in Fig. 14. In the presence of wind, 
precipitation, particularly snow, may fall at a considerable angle to the 
vertical. Suppose this angle is r=bdc, Fig. 14. Then the precipitation 
actually caught on the inclined area ad is to the amount which would be 
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caught on the horizontally projected area ab as ac is to ab, but ab=/cos s; 


Isi ssinr 
=/sin s tan r= 
ac=ab+be= (O57 7(cos r cos s+sin r sin s) : 
Catch _ cos (r—s) 


Measured Precipitation coss cosr 


In case the area does not face the wind directly the angle s can be deter- 
mined by the formula: 

tan s=tan a cos b 
where a is the true or maximum slope angle of the area and b is the hori- 
zontal angle between the direction of orientation of the area and the direc- 


tion of the wind. 
TABLE 9. 


Summary oF RESULTS OF DETERMINATION OF MEAN RAINFALL ON ScITUATE BasIN 
BY Various METHODs. 


Note.—ALL REcorps ExTENDED TO 29 YEARS. 


MEAN INCHES. 

Weighted 

Stations Used. Thiessen | Contour Inversely 

Method. Method. as to Dist. 

| from C. of G. 

All having 2 years or longer records............ 45.91 45.77 46.00 
All having 8 years or longer records............ 46.26 _— 45.69 
All having 27 years or longer records........... 46.33 _ 45.76 


Mean of all = 45.96 inches. 


Snow often falls at large angles to the vertical, sometimes 70 to 80 degrees. 
For a steep area facing the wind the snow precipitation may therefore eas- 
ily be 1.5 to 2.0 times the measured precipitation. An instance where 
this effect apparently exists occurs along the west slope of the Continen- 
tal Divide in Colorado. There a number of records of the yield of small 
streams accurately gaged show an average annual run-off of 22.5 in. as 
compared with a precipitation on their drainage basins, corrected for el- 
evation, of about 30 in.* Some of the rainfall stations are very close to the 
divide, others are within and adjacent to the stream basins. Most of 
the precipitation falls as snow, accompanied by wind blowing toward the 
mountain slopes. The conditions are known to be favorable for the occur- 
rence of a roof effect such as has been described, and this is apparently the 
only tenable hypothesis available to account for the observed excess of 
stream yield over the measured precipitation. 

Accuracy of Areal Rainfall Estimates. A question has probably arisen 
in the mind of almost every one having to do with areal rainfall estimates 


* There should be a difference of at least 12 to 16 inches to account for water losses. For description 
of these basins see Engineering News Record, February 28, 1924, pp. 355-358. The run-off data there 
given are incorrect and require division by 4. 0. Corrected data appear in a later issue. 
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as to the dependability of the results. The question also naturally arises, 
— What is the relative accuracy of two rainfall estimates for the same 
area, based on the same rainfall records but using different methods of 
weighting or computation? Table 9 shows the relative values of the areal 
mean rainfall on the Scituate basin in Rhode Island obtained by different 
methods of computation. The locations of rainfall stations and the rainfall 
contours as drawn are shown on Fig. 15. The arithmetic average was not 
used, but computing this from the records for the five interior stations, the 
result obtained is 45.83 in., which is practically identical with the results 
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Fig. 15.— DETERMINATION OF MEAN RAINFALL ON SCITUATE BasIN BY CONTOURS. 


obtained by other methods. The agreement between the long-term areal 
means obtained by the Thiessen, contour, and center of gravity methods 
respectively, is so close in this case as to afford little choice between the 
methods. The small range in these values is in part accounted for by the 
limited variation in rainfall within the drainage basin itself. The mean 
precipitation for the station having the lowest long-term average is 43.47 
in., and for the highest long-term average 47.02 in. The data are not 
sufficient to show with certainty which of the methods of estimation here 
used is really the most reliable. 

‘A series of 42 rain gages was maintained within an area of 48.87 sq. 
miles in the basin of the River Derwent in England for the 13 years 1900 
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to 1912. There is considerable variation in topography and also in rainfall 
within this area. Close spacing of the stations makes it practically certain, 
however, that the arithmetic average of the records represents the true 
areal mean rainfall. On this assumption the error resulting from calculat- 
ing the rainfall from different limited numbers of stations chosen at random, 
using both the arithmetic averages and using the Thiessen method, has 
been determined (ref. 15). It was found in this case that for a limited 
number of stations, less than eight, the Thiessen method generally gives 
considerably smaller percentages of error compared with the average of 
the whole number of stations. Several determinations were made for each 
number of stations and the maximum error of a single determination for 
any given number of stations is shown by the following figures: 


Number of Maximum error, Maximum error, 
stations. arithmetic mean. Thiessen method. 
(1) (2) (3) 


The errors are expressed in percentages of the true mean. The average 
error for an individual determination by either method is about one-fourth 
as great as the maximum error. From the study described it was found 
that the error in a determination of the areal mean rainfall on a drainage 
basin is a function of two things: 

(1) The range of rainfall within the basin or the difference between 
the highest and lowest annual rainfall amounts at any two points within 
the basin. The actual stations may not be so located as to show the true 
range, in which case it must be estimated by comparison of the data for 
stations within and around the basin. 

(2) It is a function of the number of rainfall records. 

Formulas giving the average and maximum errors of determinations 
of areal rainfall by the use of the arithmetic mean, derived from the studies 
of the Derwent basin rainfall, are as follows, the errors being expressed in 
percentage of the true mean rainfall: 
14.7R 
PYN 


55 R 
Maximum error= PVN 


Average error= 


R is the range in inches; P is the mean precipitation over the area; N the 
number of station records used. 
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In Massachusetts, with one rainfall station to every 321 sq. miles, and 
with an average rainfall gradient of about 1 in. in 5 miles, the rainfall at a 
single station within any area of less than 100 sq. miles is quite certain to 
represent the true areal mean rainfall on the area within an error of 2 per 
cent, especially if the rainfall station is centrally located in the area. For 
larger areas in New England with the usual number of rainfall stations 
available an assured accuracy of the areal mean within 3 per cent is gen- 
erally obtainable. 
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DIscussION. 


Mr. CHARLES W. SHerMAN.* Mr. Horton has called attention to 
the fact that a change in the accuracy of the reported results may result 
from a change in the location or exposure of the gage. There is perhaps an 
equal possibility of a change in the character of the observations resulting 
from a change of the instrument used as a rain gage or of the observer. 
The personal equation of the observer is probably of particular importance 
in connection with the proper measurement of precipitation in the form 
of snow. 

An illustration of the inaccuracy which may have been introduced 
into some old records by changes in the instruments used-for collecting 
the rain is given by Mr. Desmond FitzGerald in a report which was re- 
printed in the JourNAL of this Association for December, 1887. He says, 
“The Cochituate records start from 1852 . . . but owing to a variety of 
causes they are untrustworthy previous to the year 1872 or thereabouts 
. . . In 1886 I had a letter from some one who wrote that he visited the 
lake during the latter part of the war and found that the gage in use had a 
piece of tin soldered on to the outside of the collecting rim and extending 
upwards for about one foot; that he impressed upon the Superintendent 
the inaccurate results which were being observed, ete. After a search I 
found this very gage in the loft of an old stable, and it is now in my custody. 
It added about 7 p.c. to the proper area of the gage, but I have beén unable 
to ascertain how many years this novel device was in use.” 

It is entirely possible that similar ‘“ improvements ” of other rain 
gages, the records of which have been published, may have been made, 
and it must always be borne in mind in using old records that there was 
no such thing as a standard rain gage or a standard method of setting at 
that time, and for that reason as well as others, the records should be 
scrutinized with care and tested by every available method before being 
accepted. 

Mr. H. K. Barrows.t Mr. President, Mr. Horton has certainly 
directed our attention to one of the serious deficiencies in our precipitation 
records here in New England, — and elsewhere as well, — and that is the 
lack of records at the higher elevations. 

The drainage areas of many of our New England streams reach ele- 
vations in excess of 2 000 ft., whereas precipitation stations at or above 
this elevation are but three in number, as will be noted in the following 
table, where is given a summary with respect to elevation of the stations 
listed in the records for New England by Mr. X. H. Goodnough (JouRNAL 
of the New England Water Works Association, September, 1921), (in- 
cluding also the Mt. Washington record, at El. 6 293, kept between 1872- 
1886 by the United States Weather Bureau, but not now being obtained). 


* Of Metcalf & Eddy, Consulting Engineers, Boston, Mass. 
+ Consulting Engineer, Boston, Mass. 
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RANGE IN ALTITUDE OF PRECIPITATION STATIONS FOR NEW ENGLAND. 


Number Per cent 
Elevation. of oO 
ft. Stations. Total Number. 
3 1.0 
7 2:5 


8.5 


‘To determine the true precipitation on a drainage area heading into 
these higher altitudes is a matter requiring some study. While altitude- 
precipitation curves, or relations, may often be worked out and applied 
over limited areas, this may lead to error unless care is taken in noting 
the possibility of ‘ rainfall shadows ”’ in areas on the leeward side, as re- 
gards the prevalent moisture-laden winds, of the higher mountains and 
ridges. 

With such large areas as the Merrimack River, for illustration, there 
are precipitation stations enough in number, but there are none of these 
in the higher altitudes and greater rainfalls of the Pemigewassett (as well 
as some of the other main tributaries of the Merrimack), so that the mean 
of even a considerable number of rainfall records results in too low a rainfall. 

On a small area of relatively high elevation even greater errors are 
likely to be made in using records taken at much lower elevations, unless 
proper correction be made. 

The Weather Bureau and other interested parties should certainly 
be encouraged to extend the scope of precipitation records to more ade- 
quately cover these regions of higher altitude. 

Mr. Horton, as usual, has made a valuable contribution to the litera- 
ture of hydrology in his paper, and has outlined some very practical methods 
of study that should be generally useful. 

Mr..R. A. Haue.t Mr. President, in connection with the run-off 
from the Merrimack River drainage area as measured at Lawrence, the 
location of rain gages in various portions of the watershed is a matter of 
some importance. The location of the various gages were indicated on a 
large map of the drainage area in New Hampshire and Massachusetts and 
an attempt was made to proportion the rainfall at various stations in 
reference to the area covered. This was found very impracticable, owing 
oftentimes to local conditions and other factors which entered into the 
question. There are about 40 such stations, and it was finally concluded 
to take arithmetical average as being as accurate as the conditions would 
warrant. The variation in one instance of rain gages five miles apart was 
about 4 in. in the annual amount and there was always the question as to 


* Savoy, Mass. 
Somerset, Vt., 
Mt. Washington, 


Hoosac Mt.), El. 2 000 ft.; 
N. H., El. 6 293 ft. 


+ Engineer, Essex Company, Lawrence, Mass. 
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where the proportion should be taken. The most useful addition for 
accuracy would be to place additional rain gages on the drainage area 
where large gaps occur, and this is being done as opportunity offers. 

The drainage area of the Merrimack River is about 4 452 sq. miles, 
over which 40 rainfall stations are scattered. The northern part of the 
area in New Hampshire retains the snow for a much longer period than 
the southern portion where the snow disappears earlier in the season. 

Measurements have been made of the flow of the river at Lawrence 
for a period of 40 years, and records have been kept for a period of 75 years 
from which flows of the stream could be determined. The paper of Mr. 
Horton’s is extremely interesting and his methods should be applied as 
far as possible to general conditions. 

Mr. Cates M. Savitie.* Mr. Chairman, speaking of the variation 
in rainfall records, I should just like to call attention to the differences 
which occur in records taken with an automatic gage — the Friez recording 
gage, for instance — and the ordinary standard Weather Bureau gage. 
I was hoping that Mr. Horton would say something about the effect on 
rainfall from the shape of the valleys in which the gages are situated, 
particularly in regard to prevailing winds. We sometimes have long, 
narrow valleys. I am thinking particularly of the rainfall records which 
we are getting now at Hartford. In that area we have two valleys, — one 
a long, narrow valley stretching north and south, and the other a rather 
circular valley lying northwest and southeast, — and the gages are very 
close to each other, not more than five or six miles apart. Yet the rainfall, 
and also the run-off, as shown by the gages, in both valleys is quite a bit 
different, although their relative elevations are about the same and their 
geological characteristics also. 

Mr. X. H. Goopnovueu.t Mr. President, Mr. Horton’s paper is a 
most interesting one. I notice that the record of rainfall at Boston 
differed rather markedly from some of the others in a comparison of 
long rainfall records in Massachusetts. From such study as I have made 
of the Boston records, I am inclined to think that there was probably a 
change either in the gage itself or in its location in or about the year 1856, 
because from 1856 until about 1873 or thereabouts the records obtained 
at Boston appear to be too high. This probability is indicated by a com- 
parison of the observations at Boston with those of other stations in the 
neighborhood, which show that at nearly all times the Boston gage records 
a higher amount than any other in the region. This condition is not true 
of the years previous to 1856 or subsequent to 1873. 

The wide variations in the amount of rainfall collected on the water- 
sheds of some of the carefully measured streams are probably due in part 
to lack of a sufficient number of rain gages or at least of gages well placed 
and properly maintained. The surroundings of a gage often make a great 


* Chief Engineer, Board of Water Commissioners, Hartford, Conn. 
+ Chief Engineer, Mass. Department of Public Health. 
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difference in the amount of rainfall which it collects. A gage was set up 
at one time on the northerly end of Plum Island where it was exposed to 
the full force of the winds, with the result that only about 25 per cent of 
the rainfall was collected in this gage. By relocating the gage reasonable 
results were secured. 

One of the most important points in the paper is the result of the 
study as to the probable maximum and minimum amounts of rainfall 
that may be expected in a given region. The determination of these limits 
is very important. There was a drought in England within the last few 
years—in 1921, I think —in which the rainfall in parts of England fell 
off to 70 and 60 and even 50 per cent of the average, the drought being the 
most intense of which there was any record for more than 200 years. There 
is some indication in available records in New England that a similar 
drought may have occurred about 160 years ago, but with that exception 
no evidence is yet available of greater variations than are brought out in 
Mr. Horton’s paper. 


< 
| 
if 


48 COPPER SULPHATE TREATMENT OF CAPE POND. 


COPPER SULPHATE TREATMENT OF CAPE POND, THE 
SOURCE OF WATER SUPPLY FOR ROCKPORT, MASS. 


BY E. SHERMAN CHASE.* 


Cape Pond, the source of public water supply for the town of Rockport, 
Mass., has been treated with copper sulphate during 1922 and 1923 in 
order to control alge growths which give rise to the occurrence of objection- 
able tastes and odors. The methods employed and the results obtained 
are of interest, and the following account may suggest the value of more 
frequent adoption of this treatment for other New England water supplies 
affected by alge growths. 

Rockport is located at the extreme tip of Cape ne about 30 miles 
northeast from Boston. The normal population of the town is about 
4 000, which is increased to about 7 000 in summer, due to its popularity 
as a summer resort. 

Cape Pond is a natural body of water located about one mile south- 
west from the thickly settled part of the town and about one mile west 
from the ocean. The ordinary high-water mark of the pond is approxi- 
mately 70 ft. above mean tide. The pond has an area of about 43 acres 
and a maximum depth below ordinary high-water mark of 23 ft. Its 
capacity at ordinary high-water mark is about 182 mil. gal., these 
data being based upon an actual survey and soundings. The available 
storage capacity has been estimated at 85 mil. gal. The pond is 
approximately 3 200 ft. long with an average width of about 600 ft. It 
is one of the great ponds of the state and is, therefore, owned by the Com- 
monwealth, from which the town has secured the right to take water for 
water-supply purposes. 

Intake. The point of ore is approximately 900 ft. from the north- 
erly end of the pond and approximately midway between the eastern and 
western shores. The intake consists of an upturned elbow surmounted 
by a wire screen and is located in 23 ft. of water at the deepest point of 
the pond. The end of the elbow is but a short distance above the bottom. 

Distribution of Supply. The water is pumped from the pond to a 
standpipe located on a hill back of the pumping station. From this 
standpipe the water is distributed by gravity to the town through several 
miles of water mains. 

Description of Pond and Watershed. Cape Pond occupies a narrow 
valley, the westerly and easterly slopes of which rise rather sharply from 
the pond to an elevation about 100 ft. above water level. There is no 


* Sanitary Engineer, Metcalf & Eddy, Consulting Engineers, Boston, Mass. ; 
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inlet of any consequence, but a small intermittent outlet finds its way 
through a swampy area at the western shore. At the northerly end of 
the pond there is an area of low swampy land of 10 acres or less. 

Considerable areas of shallow water, normal depth less than 10 ft., 
exist at the northerly and southerly ends of the pond and near the outlet 
at the westerly shore. Except at these points, the shores slope sharply 
to deep water. Considerable soft organic deposit is present in the bottom 
of the pond. 

The fluctuations in water level vary from year to year, the maximum 
on record being a difference of 6.1 ft. in 1923, representing a capacity of 
about 78 mil. gal. The maximum high water occurs usually in the 
spring and the minimum in the late summer or fall. A portion of the 


Fig. 1— Care Ponp From Soutu Enp. 


stored water represented by the high level in the spring flows off through 
the outlet, but overflow occurs only at the higher water levels. 

The island of Cape Ann iscomposed of three classes of material, namely, 
bed rock of hornblendic granite, igneous dike rock, and glacial drift de- 
posits.* The watershed of Cape Pond is approximately 222 acres in area 
and consists mainly of drift deposits with a small amount of granite ledge 
on the hill upon which the standpipe is located. The material comprising 
this glacial drift has an average depth exceeding 50 ft., and at some places 
on the cape is known to have a depth as great as 150 ft. The material 
of the drift is of a fairly porous character and contains many boulders. ° 
In view of the absence of any sizable inlet, it appears probable that the 
pond is largely spring-fed from ground waters collected in and percolating 
through the glacial drift. This is of significance in considering the quality 
of the water and the growth of microérganisms therein. 


* See ‘‘ Geology of Cape Ann,” by N. 8. Shaler, in the ninth report, part C, U. 8. Geological Survey, 
page 539, et. seq. 
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The watershed is of little agricultural value and with the exception of a 
very few acres is covered with underbrush, scrub pine and deciduous trees. 

Tastes, Odors and Discoloration of the Water. ‘The principal complaints 
relative to the supply have been in connection with disagreeable tastes, 
odors and discoloration. These unsatisfactory qualities have occurred 
mainly in the summer and have given rise to a feeling of dissatisfaction 
among the townspeople and summer visitors. Present-day standards 
require that a water supply shall not only be free from contamination but 
also attractive and wholesome. 

Microscopic Organisms. The water leaching through the swamp at 
the northern end of the pond dissolves considerable amounts of organic 
matter which provides food for the microérganisms in the pond. The life, 
death and subsequent decay of these organisms result in the disagreeable 
tastes and odors. These organisms grow best in waters rich in organic 
matter and particularly in ground waters which contain oxidized nitrogen 
in the form of nitrate. Furthermore, sunlight is an essential requisite 
for their development. 

In Cape Pond there are various types of microérganisms at different 
seasons and in different years. One kind predominates and then disappears 
to be followed by another. Examinations made by the State Department 
of Public Health over a period of years show that the predominating organ- 
isms have been Asterionella, Cymbella, Melosira, Synedra, and Tabellaria 
of the Diatom family; Anabaena and Coelosphaerium of the Cyanophyceae 
group; Cosmarium, Protococcus, Scenedesmus, Staurogenia and Stauras- 
trum of the Chlorophyceae group; and Chlamydomonas, Dinobryon, 
Euglena, Peridinium and Trachelomonas of the Infusoria group. Of these 
various organisms, Asterionella, Tabellaria, Anabaena and Dinobryon 
appear to have occurred most frequently. Asterionella gives an aromatic, 
geranium or fishy odor depending upon the intensity of occurrence of these 
organisms. Anabaena gives a grassy and moldy odor which has been likened 
to that of green corn, and upon death and decay produces a very disagree- 
able odor resembling that of a pigpen. Dinobryon, like other protozoa, 
gives a fishy odor which is oftentimes one of the worst encountered in 
water supplies. 

While odors of various kinds may be present in the supply throughout 
the greater portion of the year, they are more apt to be present during the 
summer months when the organisms upon death and decomposition liberate 
the essential oils, contained within their cell structures, which cause the 
odors. There is, however, no evidence that these microérganisms produce 
sickness. 

Red Water. Part of the trouble with the Rockport supply has been 
due to corrosion of mains and services giving rise to water containing rusty 
sediment. This trouble has occurred mainly in the hot-water pipes and 
has been of more prevalence at the end of the summer. This rusty water 
not only offends the eye but causes rust spots on laundry. 


| 
| 
| 
i 
| 
| 
| 
| 
| 
| 
j 
| 
] 


CHASE. 51 


Waters containing relatively large amounts of organic matter or of 
carbon dioxide are very liable to give rise to this red water difficulty. The 
analyses of the Rockport supply show it to be high in organic matter and 
soft. The few data available relative to the amount of carbon dioxide 
indicates that the quantity present at times is sufficient to stimulate the 
corrosive action of the water. This prevalence of carbon dioxide is apt 
to be greatest when decomposition processes are proceeding at the most 
rapid rate, as in the summer months when the temperatures are high. 

Sanitary Analyses. The sanitary chemical analyses of this supply 
show a water with a turbidity ranging from very slight to distinct and with 
sediment varying from very slight to considerable. The color is moderately 
high and the residue on evaporation, particularly the organic residue, 
is decidedly high for an unpolluted water and is a result probably of the 
leaching of organic matter from the swamp at the head of the pond. 

The figures for free ammonia are very variable and at times are high 
for an unpolluted supply. The figures for albuminoid ammonia are also 
relatively high and variable and are probably due principally to vegetable 
organic matter from the swamp and to some extent to the microérganisms 
in the pond water. Figures for nitrogen in the form of nitrates and nitrites 
are not available in recent years. The previous results, however, indicate 
that although the amounts of oxidized nitrogen in the pond are usually 
relatively small, there have been times when amounts sufficient to stimulate 
alge growth have been present. 

Filtration Recommended. Filtration of the supply has been recom- 
mended at various times in the past; for example, by H. W. Spooner in 
1903, Henry A. Symonds in 1919, and by Metcalf & Eddy in 1922. Aéra- 
tion as an adjunct to filtration has also been advised. 

Temporary Remedial Measures were advised during the summer of 
1922, pending the installation of a filtration plant. It was suggested, 
therefore, that an attempt be made to control microérganisms in the pond 
with copper sulphate. It was pointed out, however, that such a measure 
was only a temporary measure and one not to be depended upon for per- 
manent improvement. 

Survey of Pond. In order to have accurate data for proportioning 
the quantity of copper sulphate applied, a survey of Cape Pond with sound- 
ings was made during the latter part of May, 1922. Prior to the comple- 
tion of the surveys, the numbers of microérganisms in the pond water had 
begun to increase and complaints relative to the quality of the supply 
were being received by the water works officials. In order to control 
these growths, it was decided to proceed with the application of the copper 
sulphate without waiting for the completion of the survey and soundings, 
using approximate estimates of the pond capacity for computing the needed 
dose of copper sulphate. 

Application of May 22, 1922. On this date some 425 lbs. of copper 
sulphate, equivalent to 0.28 p.p.m. (23 lbs. per mg.) were applied to Cape 
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Pond by towing bags containing this chemical from the stern of a boat 
rowed around the pond. Reasonable equalization of distribution was 
obtained by rowing more rapidly in shallow water and more slowly in deep 
water, and also by rowing more rapidly when the bag was full of copper 
sulphate than when it was nearly empty. 

Samples of the pond water were collected prior to the application of 
copper sulphate, one being taken over the intake, the second about halfway 
between the intake and the southern end of the pond, and the third sample 
about halfway between the intake and the pumping station at the northern 
end of the pond. All three samples were collected at points about 1 ft. 
below the surface. The samples had a slight musty and fishy taste and 
contained distinct amounts of fine organic suspended matter. 

On May 24, two days after the application of copper sulphate, samples 
were collected at practically the same points as those collected on May 22. 
The water in the pond was still distinctly turbid with what were evidently 
growths of organisms. The samples were examined at the laboratory of 
the State Department of Public Health and the total numbers of organisms, 
numbers of genera and numbers of principal organisms found are given in 
the following table (Table 1). 

This table shows that there was comparatively little difference in the 
total numbers of organisms or in the predominating types. 

The samples collected May 24 showed somewhat higher total counts 
than those collected on May 22, due mainly to an approximately 100 per 
cent increase in the numbers of Anabaena. Asterionella, however, were 
materially reduced and organisms of the protozoan types were practically 
eliminated. Subsequent samples, collected on May 26, showed a total 
number of organisms less than one-half those present in the samples of 
May 22, and Anabaena about one-fourth the number present in the samples 
of May 24. : 

This first application of copper sulphate had no effect upon the fish 
life of the pond, and although the turbidity of the surface water continued 
to be distinct, that drawn from taps in the village had become satisfactory 
in so far as appearance and tastes were concerned. 

Application of May 27, 1922. In view of the failure of the copper 
sulphate to bring about a greater decrease in microscopic organisms, and 
in view of the relatively small amount of copper sulphate first used, it was 
considered advisable to make another application, which was done on 
May 27 ina manner similar to that of May 22. The total amount of copper 
sulphate applied at the time of this second application was about 920 lbs. 
equivalent to 0.6 p.p.m. (5-Ibs. per mg.). 

The samples collected on May 26 represented the condition of the 
water prior to this second treatment. Samples were collected on May 29 
and others on June 8, 12 days later. As in the case of the samples collected 
2 days subsequent to the first application, the samples of May 29 after 
the second application showed a distinct increase in total numbers of 
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organisms, but at this time, Asterionella increased as well as Anabaena. 
The samples collected June 8, however, showed a marked reduction in 
total numbers of organisms, and Asterionella and Anabaena were prac- 
tically absent. 

m It is interesting to note that in both cases the treatment was not 
followed by the immediate destruction of the organisms. It appears 
probable that this retardation of effect was due to the time required for 
the diffusion of the copper sulphate throughout the water. Had it been 
feasible to row the boat in lines closer to each other, the original application 
would have been more uniform and more rapid results would probably 
have been secured. It is probable also, that the effect would have been 
obtained more promptly had the chemical been dissolved in water and 
sprayed over the surface of the pond; but this would have been somewhat 
more difficult and would have involved greater expense. 

The second application followed the first so closely that the accumu- 
lated quantity of copper sulphate in the pond water was equivalent to 
about 0.88 p.p.m. (73 lbs. per million gallons). This amount of copper 
sulphate not only resulted in the destruction of the majority of the micro- 
organisms but also brought about the death of considerable numbers of 
white perch. The first dead fish were noticed on Sunday, May 28, the 
day following the second application. The record of fish killed is shown 
in the following tabulation (Table 2): 


TABLE 2. 
Date RELATIVE TO DEAD FisH REMOVED FROM Ponp. 
305 small fish 4-5 in. long 
410 small fish 2-6 in. long 
Wodnesday, May-3l. 276 large fish 
208 small fish 
110 small fish 3-6 in. long 
40 small fish 


No fish removed after June 5. 


The fish killed consisted exclusively of white perch, although fish of 
other species are said to be present in the pond. According to data given 
in Whipple’s “ Microscopy of Drinking Water,” the limit of copper sul- 
phate application to avoid killing perch is 0.75 p.p.m., an amount exceeded 
by about 0.1 p.p.m. by the combined applications of May 22 and May 27. 
Inasmuch as the dead fish were removed from the pond daily, no harm 
resulted from their deaths; in fact, the destruction of such numbers of 
fish may have discouraged fishermen from visiting the pond and in this 
way minimized in some extent the danger of contamination. It should 
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DIAGRAM SHOWING EXCEEDANCE INTERVAL OR INTEGRAL FREQUENCY CURVES 


FOR LONG NEW ENGLAND RAINFALL RECORDS. 


R=Ratio of rainfall for any year to the mean A=Calculated limiting maximum value of ratio R 
t =Exceedance interval, years B=Calculated limiting minimum value of ratio R 


e= Base of Napierian logarithms 
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be noted that these first two applications were made prior to the avail- 
ability of accurate data relative to the capacity of the pond, and for this 
reason the best proportioning of the dose could not be secured. 

Throughout the summer of 1922 frequent samples of the supply were 
collected and microscopical examinations were made by the State Depart- 
ment of Public Health. For the purposes of comparison the total counts 
of microscopic organisms in these samples and in the samples obtained 
during the past six years have been plotted on the accompanying diagram. 

From this diagram several things are apparent. First, there have 
usually been two periods of high counts during the year, the first period 
occurring in May and the second in the fall, about October. Second, 
the predominating organisms at these times of high counts have been of 
the Diatom class, organisms which give aromatic odors. Third, during 
1922 the spring peak was kept low, apparently by the application of copper 
sulphate in May. The small peak in July, 1922, was due to the presence 
of Monas, an organism of the protozoan type which has not ordinarily 
occurred in the supply in large numbers. This prevalence of Monas was 
evidently the effect of the copper sulphate treatment ‘producing the right 
environmental conditions for this type of organisms. 

Application of November 3, 1922. The counts of microscopical organ- 
isms remained low during the summer and early fall. Samples collected 
during August, however, showing a marked increase in total numbers, 
principally Diatoms. As the numbers of organisms appeared to be in- 
creasing, it was considered advisable to again treat the pond with copper 
sulphate and such application was made on November 3. Some 700 lbs. 
of copper sulphate were used equivalent to 0.5 p.p.m. (41 lbs. per mg.). 

Samples were collected on November 3 prior to the apj lication of 
chemical and numerous other samples were collected at intervals subse- 
quent to this date. A summary of the microscopic analyses of these 
samples are shown in the following table (Table 3). 

It will be noted from this table that the effect of the copper sulphate 
was not so marked as in the case of the second application of May 27. 
However, the November application resulted first in checking and finally 
in materially reducing the growths so that no further tastes and odors 
were experienced subsequent to the treatment. 

Treatment of August 14, 1923. Frequent microscopic analyses of 
the supply were continued throughout 1923. The gradual increase in 
prevalence of organisms during the summer led to the application of 838 Ibs. 
of copper sulphate to the pond on August 14. This quantity was equiva- 
lent to 0.71 p.p.m. by weight or slightly less then 6 lbs. per million gallons. 

The results of microscopic examinations of samples of the pond water 
collected during the periods immediately before and immediately after 
the treatment are given in the following table (Table 4). 

This table shows a distinct reduction in the numbers of organisms 
present in the pond water following the treatment. The reduction in 
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the numbers of Diatoms was particularly marked, although there appeared 
a slight increase in the numbers of green alge and infusoria as shown in 
the samples of August 29 and September 4. -Samples collected somewhat 
later, on September 18 and 24, showed very low counts with respect to 
all types of organisms. 

As in the case of the applications of 1922, the fullest effect of the treat- 
ment did not occur until some time subsequent to the date of application, 
due probably to the somewhat slow diffusion of copper sulphate throughout 
the entire body of water constituting the pond. 

As previously mentioned, the second application of copper sulphate 
in 1922 was followed by the destruction of considerable numbers of white 
perch. In 1923 no fatality occurred among the larger fish. Numerous 
minnows, however, inhabiting the shallow portions of the pond were killed. 

Referring again to the diagram showing the total counts of organisms 
of the past 6 years, it will be seen that on only two occasions in 1923 did 
the numbers of organisms exceed 1 000 per cubic centimeter. At these 
two times the predominating organisms were Tabellaria and Asterionella, 
organisms which do not cause unpleasant tastes and odors unless in exces- 
sive numbers. It is also interesting to note that the total numbers of 
organisms present during 1923 have been maintained on the average, 
much lower than during any of the previous 5 years. It is also evident 
from the diagram that the copper sulphate application of August 14, 1923, 
checked the tendency for increase in organisms. The experience of 1923 
indicates that if the numbers of organisms can be kept below 1 000 per 
cubie centimeter, there will be comparatively little trouble from tastes 
and odors from such growths. It is true, however, that smaller numbers 
of certain organisms might give rise to trouble, but Cape Pond does not 
seem to be subject to these particular organisms. 

Cost of the Copper Sulphate Treatment exclusive of engineering services 
was about $160 during 1922, made up of the cost of 2 045 lb. of copper 
sulphate at 62 cents delivered, and of the service of one boatman on two 
days and of two boatmen on the third day. .In 1923, the cost exclusive 
of engineering was about $65, made up of the cost of 838 lb. of copper 
sulphate and the service of two boatmen for one day. 

Flushing of Water Mains. During the latter part or July, 1922, 
complaints were received relative to the occurrence of a distinct odor and 
a brownish sediment in the water. These complaints were fairly well 
distributed over the town. At that time, the water in the pond itself 
contained some odor and sediment, but distinctly less than that found in 
the water in the town. Inasmuch as the numbers and types of micro- 
organisms present were not such as to account for this trouble, it appeared 
probable that this odor was the result of decomposition of the organic 
matter present in the water, this decomposition going on partly in the pond 
and partly in the distribution system. It also appeared probable that the 
brownish sediment was due to iron rust formed by the action of the carbon 
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dioxide upon the iron pipes of the distribution system, this carbon dioxide 
resulting from the decomposition of the organic matter. It was suggested, 
therefore, that a systematic program of flushing dead ends of the distri- 
bution system be carried out. 

The first systematic flushing of the mains was put into effect upon 
the first of August, 1922, and a second flushing about the first of November, 
shortly after the application of copper sulphate of November 3. At the 
time of the August flushing, considerable quantities of sediment were 
flushed out of certain hydrants, particularly those hydrants at the ends 
of the long mains. Following both flushings in 1922, there was a marked 
improvement in the physical quality of the water delivered to the con- 
sumers. 

In 1923 similar flushing of the mains was put into effect twice during 
the year, once in May and again in August. Such action appears to have 
prevented undue accumulation of sediment. 

Results Obtained. It is stated by C. A. Wetherbee, superintendent 
of the water works at Rockport, that in no prior year has there been so 
few complaints relative to the quality of the water as during 1923. There 
seems to be no doubt but that the control of the alge growths by copper 
sulphate and the systematic flushing of the mains have given Rockport 
a supply of reasonably satisfactory physical quality, and of a quality dis- 
tinctly superior to that of other years prior to the introduction of the 
remedial measures. 


SUMMARY. 


This experience shows that the application of suitable amounts of 
copper sulphate in May, 1922, so checked microscopic growths as to keep 
their numbers materially less during the summer and early fall than during 
_ any summer prior to that year. The amount of copper sulphate applied 
in May was sufficient to kill considerable numbers of fish, although when 
the size of the pond and probable numbers of fish therein are taken into 
consideration it does not appear that the killing of the fish was a matter 
about which to be in any wise alarmed. 

It is evident that the effect of copper sulphate wore off about the middle 
of the fall of 1922 and as usual the fall increase in microédrganisms occurred, 
if anything somewhat more pronounced than in earlier years. It also 
appears evident that the amount of copper sulphate required to effectually 
destroy the growths present in Cape Pond has been between 0.5 p.p.m. 
and 0.9, p.p.m., about 0.7 p.p.m. probably being sufficient. 

The occurrence of trouble with odors and sediment in the latter part 
of July, 1922, was probably due to the decomposition of organic matter 
and the corrosion of water pipes by free carbon dioxide resulting from this 
decomposition. Systematic flushing of the mains through hydrants and 
blow-offs brought about a marked improvement in the physical quality 
of the supply. 
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In 1923 the program of water main flushing and of copper sulphate 
treatment resulted in maintaining the physical quality of the supply in a 
condition superior to that obtained in any previous year. 

Acknowledgment of assistance and codperation is due T. T. Hunter 
Harwood, Chairman of the Special Water Committee of Rockport, Charles 
A. Wetherbee, Superintendent of Water, Rockport, A. D. Weston, State 
Department of Health, and Charles W. Sherman, past president of this 
Association. 


DIscussIoNn. 


Mr. Rosert E. Horton.* Mr. President, I would like to ask Mr. 
Chase if there was any variation discovered in the distribution of organisms 
at different depths? 

Mr. Cuase. We made no study of depth distribution of organisms 
except in the samples as collected at the surface, perhaps one foot below 
the surface, and analyzed. Samples were also taken from taps in the town, 
which received water from greater depths in the pond. There did not seem 
to be any marked difference in types of organisms present. 

Mr. Horton. How deep below the surface were the bags of copper 
sulphate suspended in rowing? 

Mr. Cuase. About three or four feet. When the bags were empty 
they were nearer the surface; when they were full they would sink down 
three or four feet. 

Mr. Horton. Would you be likely to get more effective treatment 
in a deep pond by using two bags, one at a slight depth and the other at a 
comparatively greater depth? 

Mr. Cuase. That might be true. As a general thing, copper sul- 
phate tends to diffuse and sink to the bottom. 

Pror. GeorGe C. Wuippie.{ Mr. President. I thought Mr. Chase’s 
paper an interesting one. It brings back somewhat very tender recollec- 
tions of some old work I did some 25 years ago in connection with the 
algze. I must say I am a good deal disappointed that science has not ad- 
vanced more than it has during that period. About the only thing we have 
done is to learn how to kill these organisms with copper sulphate. We have 
not progressed as fast as we should have progressed in modes of preventing 
their growth. I still live in hopes that some young man will take up that 
subject and work at it for five or ten years until he arrives at the ultimate 
solution. We have made perhaps several hundred thousand microscopic 
analyses showing the kinds of organisms in the water, but we are not much 
wiser than we were 30 or 40 years ago. 

Mr. Henry A. Symonps.t This problem of how to eradicate so- - 
called alge is certainly a difficult one to solve in a perfectly satisfactory 


* Hydraulic Engineer, Voorheesville, N. Y. 
+ Professor of Sanitary Engineering, Harvard University. 
¢ Consulting Civil Engineer, Boston, Mass. 
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manner, but the method described by Mr. Chase appears to have given 
excellent results at small cost. 

I recall a case of alge trouble which we had in Stockbridge. Copper 
sulphate was considered but not used. As illustrating the difference in the 
intensity of growth in different depths of the water, the lower end of the 
lake from which the water is taken at Stockbridge is quite shallow, and the 
lake as a whole for many years has contained a great deal of growth of this 
kind. A few years ago we built a dike across the lower end, shutting off 
a section of perhaps two acres. The level of the pond was raised six inches 
minimum above the lower end so that no flow could get back into the 
main lake. This was something of an experiment, but the results were 
remarkably good. I have not the latest reports from there, but for some 
time at least after this remedy was tried, the water remained substantially 
clear of alge, indicating a great difference in the amount of growth which 
had taken place in deeper water and in shallow water. 

Mr. M. C. Wuippie.* Mr. President, I am very glad to hear this 
paper because it emphasizes a method of treatment which has been avail- 
able for a good many years and one which has not been utilized to the 
extent it should have been. Many towns will benefit from it in the future 
if the advantages and limitations are more widely discussed. It is very 
cheap and very simple, and Mr. Chase has shown that the results are very 
striking. 

There are one or two points*he has mentioned which are perhaps 
disadvantages or drawbacks to the treatment. One is the difficulty of 
applying the copper sulphate in the most effective way. There is a chance 
for considerable ingenuity to be applied in carrying out this treatment, and 
there is no doubt about its being more effective if the copper sulphate can 
be distributed uniformly throughout the water treated. 

He has also indicated that the treatment gives no assurance of lack 
of trouble in the future. The height of the trouble came in November, and 
he indicated that the copper treatment needs to be repeated at intervals. 
In fact, it has sometimes been found that the application of the copper 
sulphate results after a very short period in a very rapid increase in other’ 
types of organisms which were not present at the time of application; that 
is, the removal of one or more species may make way for the rapid growth 
of others. Mr. Chase’s chart would seem to show that there were fewer 
organisms in the year 1923, possibly from the result of treatment in the fall 
of 1922. The late fall treatment no doubt served to kill off many of the 
cells which either survive during the winter or else give rise to spores which 
carry over for the next season’s growth. On the other hand, it has been a 
matter of observation with me that the past season was not a bad one for 
alge growths. Several bodies of water which I have had occasion to watch 
did not during this past season show as heavy growths as in some other 
seasons. What causes these seasonal differences it is hard to say. Pro- 


* Instructor in Sanitary Chemistry, Harvard University. 
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fessor Whipple has indicated that our knowledge of some of these things 
has not increased as we had hoped for. 

Mr. Artuur L. GamMace.* Mr. Chase has performed a real service 
to sanitary engineers and water works men by bringing to their attention 
a plan of control of the causes of odors and tastes in a typical water supply. 
It is the writer’s opinion that a larger dose of copper sulphate can be added 
to a pond or reservoir or feeder brook with less killing of fish if the chemical 
is added in a solution and the treatment conducted on a windy day, when 
there will be a maximum mixing of chemical and water supply. We have 
used it this way in well-stocked ponds without killing any fish. 

If alge are made resistant to copper sulphate by continual applica- 
tions, I suggest, as we have successfully used, bleaching powder treatment 
after copper sulphate to decompose the algz besides killing them. Chlorine 
from bleaching powder or liquid chlorine will destroy many odors and 
tastes resulting from growing and decomposing alge, and also many odors 
and tastes resulting from decomposition of organic matter under conditions 
of insufficient oxygen in the water, if used in the proper way. 

Systematic flushing of pipes for loosely deposited iron and organic - 
matter has improved many waters. Carbonic acid naturally in a water 
or coming from decomposition with low alkalinity has caused much corrosion 
of pipes and the rusty water appears to be iron hydrate with carbonic acid 
and more or less organic matter. Aération or soda ash or both appear to be 
the cheapest remedy for this trouble without increasing the hardness of 
the water. 


* Chemist, Weston & Sampson, Consulting Engineers, Boston, Mass. 
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LATEST DEVELOPMENTS IN CHLORINE CONTROL 
, APPARATUS FOR STERILIZATION OF WATER SUPPLIES. 


BY GILBERT H. PRATT.* 
[Read September 21, 1923.] 


Sterilization of water supplies by means of liquid chlorine is one of the 
outstanding advances in sanitary science in the past ten years. 

Chlorination of water supplies has probably been the largest con- 
tributor in reducing typhoid fever death rates to the point where they 
show figures below the most optimistic estimates of sanitarians of only a 
few years back. 


Fia. 1. — First CHLORINATOR. 


Fig. 1 shows the first chlorinator which was installed in the spring of 
1913 by Mr. Tiernan at Dover, N. J., in connection with protecting the 
quality of the water supply of Jersey City, N. J. Compared with those 
which have followed, we cannot fail to be impressed with the improvements 
made. 

The machine shown in Fig. 2 represents the up-to-date smallest 
capacity chlorinator for applying chlorine solution to pump suctions or 


* New England Representative, Wallace & Tiernan Company, Newark, N. J. 
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open bodies of water, where a water supply is available under at least 
fifteen pounds pressure to operate the apparatus. The flow of gas is 
measured by means of a volumetric type of meter. 
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Fig. 2. —Type MSAM. 
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A duplicate installation of machines is shown. This duplication of 
mechanical equipment, so that at all times service may be an absolute 
certainty, is in line with good engineering practice. 
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One adaptation of this equipment has been for the sterilization of swim- 
ming pool recirculating systems. Usually in such installations a slight 
back pressure exists, due to friction losses in the pipe line from the filters 
to the pool, and in order to overcome this back pressure which would exist, 
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an auxiliary injector is installed below the machine. This injector is 
operated by a pressure water supply, the requirements usually being three 
to four times the pressure to be injected against. This same apparatus 
with injector is sometimes necessary on pumped supplies in case the pump 
is below the hydraulic gradient; that is, if there is any positive pressure 
in the pump suction line at the point of application. 


- 
= 
oo appuratus and prevents acccss of tion is less than 25 feet. 
moisture to control mechirusm. = NOTE: When diseance exceeds a feet 
ture from cntcring the control appara: 7 \ and facings 
ve tus when water supply to ——— 
the chlunine gus 1n =r 
water and injects it into the pressure | 
main ar open well at the point of ap- 
plication. | 
3 Warns Pressunt Py 
pressure of water operating injector. ‘2 
| operator to adjust yw of chionne 
| \ \] 
| @are 
| 
wroL>—permuts the connecting up 
(7 the required number of cylinders to 
apparatus. 
sure of chlonne gas suppbed to appa 
ratus. 
Vaive 
1! | \ 
| \ Ke _ 


66 LATEST DEVELOPMENTS IN CHLORINE CONTROL APPARATUS. 


In the case of a reservoir with a gate well where there is no water 
supply under pressure available, we use a direct-feed chlorinator; that is, 
one where the chlorine gas is fed directly to the water through diffusors. 
Fig. 3 shows a chlorinator of this type. In this case, the measurement of the 
rate of flow, instead of being by a volumetric measure as in the case of the 
solution type equipment previously shown, is indicated by the difference 
in pressure on the two sides of an orifice, which difference in pressure 
is measured by a manometer device. In case the point of application is 
directly into a main, instead of having the run from the control panel 
to the check valve, the connection is made through a trap tank assem- 
bly and the diffusor is tapped into the main through a corporation cock 
with housing, as shown in the middle of Fig. 3. In those larger capacity 
plants where pumping equipment is in use and where a water supply of 
at least 25 lbs. per square inch is available, a further modification with 
this same control panel is utilized to make what we term our type MDAM 
with injector machine. An injector panel with check valve is utilized and 
a lava seated check is inserted in the discharge line from the injector. The 
chlorine solution is applied through a corporation cock housing a silver tube. 
This adaptation permits of introduction of chlorine solution against either 
a vacuum or pressure. The operating pressure required for the injector is 
dependent on both the amount of chlorine to be handled and the pressure 
to be injected against. This same equipment without a connection to the 
main may be used for application to open body of water as a suction well. 

A development within the last two years is the use of high-pressure 
reinforced injectors to permit of introducing chlorine into lines against 
pressures hitherto too high to permit of applying chlorine. 

The equipment which is utilized is essentially that shown as the 
MDAM with injector, utilizing a water pressure going to the injector with 
a pressure practically four times that to be injected against. To obtain 
this increased high pressure, two courses are open and are being utilized, 
one a triplex pump with pressure relief valve and the other, a hydraulic 
valve mechanism pump. With this type of equipment there have been 
installed a number of plants where chlorine solution is being utilized 
against as high as 75 to 125 lbs. per square inch, and a few where the 
pressure is as high as 150 Ibs. per square inch. 

It often is necessary to provide chlorine control equipment with an 
automatic control so that the machine will automatically vary the rate of 
flow of chlorine in proportion to the flow of water in the main. In such 
cases a Venturi tube of proper design is inserted in the main to give suitable 
differential pressures varying with the rate of flow in the main, and in such 
cases, instead of having the manual compensator (constant rate of flow 
device) as shown in Fig. 3, an automatic compensator is furnished in its 
place and the leads from the Venturi tube are connected to this compen- 
sator. The automatic compensator, instead of giving a constant flow of 
chlorine, varies the chlorine flow in proportion to the flow of water through 
the Venturi tube. 
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The varying conditions which present themselves as the engineer 
studies each water supply to determine the type of chlorinator which will 
best meet existing conditions have been met in the main by the use of the 
machines just described. 
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There developed, however, a demand for a machine feeding the gas 
directly into a gatehouse well or into a main, of lower capacity than could 
be obtained with the manometer and orifice type metering device. This 
demand resulted in the development of the machine shown in Fig. 4. 

The machine has incorporated in it the low metering capacity of the 
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volumetric meter such as was previously furnished only in the solution- 
type machine of small capacity, and the added adaptability for use where no 
water supply under pressure is available. The metering in this case is by 
timing the pulsation of gas as discharged from the volumetric meter through 
a jar of sulphuric acid. The riser tube and the emergency trap shown are 
to provide a relief in case of any building up of pressure in the meter jar. 
In such case pressure builds up, a slight amount of acid is blown out of the 
meter jar and this is collected in the glass trap. It also acts as a vacuum 
relief device, preventing water from being drawn into the apparatus when 
it is shut down. This machine is available for open well application where 
the submergence of the diffusor is not over seven feet and at least four 
feet, and for application in mains where the pressure at the point of ap- 
plication is not over three pounds. It has satisfactorily met the demand 
for a low-capacity direct-feed machine. 

Within the last two and one-half years, largely as the result of a call 
for a more rugged and foolproof type of equipment, there has been de- 
veloped a machine to take the place of the former solution type machine, 
especially for use in the medium or larger sized places where a minimum 
capacity of less than one pound of chlorine per twenty-four hour rate of 
feed is not demanded. 

It may be interesting to note that the first machine of this new type 
was installed at New Haven, Conn. 

This equipment is a radical departure from the former line of equip- 
ment both in appearance and in principle. Its development permitted 
doing away with metal compensator regulators and check valves which 
had been essential parts of the older types of machines. 

This equipment is at present applicable only where manual control 
or hand setting of the rate is practical, and as yet has not been developed 
‘for automatic variation of the rate of feed. 

This feature is now being worked out, and it is expected that it 
will soon be added to meet those cases where such automatic control is 
necessary. 

Fig. 5 shows the control unit of the machine just referred to. One is 
at once impressed by the general ruggedness of the assembly mounted as 
it is in a cast-iron pedestal with door and within a vulcanite tray which is 
supported by the pedestal. The gas is taken from cylinders connected to 
a header or directly to the chlorine inlet header on the pedestal and enters 
the equipment through a float-controlled valve. From here on the system 
is under a partial vacuum and there is no possibility of leakage of chlorine 
beyond this chlorine inlet valve. Mounted within the bell jar, which sets 
in the tray in a water seal, is a glass meter tube which has an orifice at its 
upper end. 

A water supply under at least twenty-five pounds pressure is brought 
to the pedestal and operates to furnish a small water supply to the tray 
with the main flow passing through a tube connection and thence through 
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a silver injector which is fitted into the base of the vulcanite tray. When 
this water supply is operating a vacuum is created at the throat of the 
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injector, and the interconnections are such that this vacuum pull is trans- 
mitted through a silver tube within the meter tube. It is so arranged that 
when this injector is pulling, water from the tray rises within the glass 
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meter tube until it overflows at the elevation of the top of the silver tube 
and passes down the latter to satisfy the vacuum. As this vacuum pull 
starts to raise the water it also creates a suction through the orifice in the 
top of the meter tube, thus tending to create a vacuum within the bell jar. 
As this tendency continues, the ball float operating the needle valve on the 
gas line raises slightly, a sufficient amount to permit chlorine to enter the 
bell jar; this valve then becomes a balanced float-controlled valve, ad- 
justing itself to a point where it passes just the proper amount of chlorine 
to supply the demand of the orifice in the top of the meter tube under the 
differential head represented by the difference in water level within the jar 
and the water level as overflowing the silver tube within the meter tube. 
All that is necessary to change the rate of flow is to change the elevation to 
which water can rise to establish the differential head operating on the 
orifice. This is done by means of a ratchet device, rugged in construction, 
by which the position of the inner meter tube is varied so that it may 
be set for whatever rate is desired within the range of the meter by observing 
its position with regard to calibrations on the meter tube. Any one meter is 
guaranteed accurate within four per cent over a range of four to one (max- 
imum to minimum). The largest capacity for which this machine is fur- 
nished is 300 lbs. maximum and 75 lbs. minimum guaranteed feed, and the 
smallest is 4 lbs. maximum and 1 lb. minimum. These rates of feed are per 
twenty-four hours. If a greater range is desired than four to one, this 
can be obtained by the use of two or more meters, by simply removing the 
bell jar from the water seal, loosening the hard rubber nut which holds the 
meter in place, and substituting a meter with a different sized orifice re- 
placing the bell jar and resuming operations. There are no gas joints to 
be broken, as in the case of the older line equipment. In case of a desire 
for extreme range within one control unit, it is sometimes necessary to 
furnish an injector or injectors of different design to be changed for the 
original injector assembly, but within reasonable and usual demands all 
that is necessary is to change the meter tube. 

Another feature which: has not yet been mentioned is the relief valve 
shown in the photograph which automatically opens and breaks the vacuum 
should there be any tendency for the vacuum in the bell jar to become 
extreme, as, for instance, if the chlorine cylinder should become exhausted. 
This makes flooding of the chlorine lines impossible. 

Another feature of this machine which has been greatly appreciated by 
those who have become users of it is the fact that should the water supply 
fail for any reason, the water level within the bell jar would be depressed 
by the incoming gas to the point where the gas inlet valve would close and 
shut off the chlorine feed. This is a feature not true of former types of 
equipment. 

One point which is to be particularly noted in connection with the 
machine is the complete use of materials which cannot be injured by chlo- 
rine gas. All of the parts within the bell jar are either silver, vulcanite, 
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glass or other noncorrosive material. The discharge line is special com- 
position tubing and the entry of solution into the main is through a silver 
tube. Further, inasmuch as the machine cannot be flooded back into the 
gas lines, corrosion of these lines does not take place. 

The operator appreciates the fact that the parts of this machine are 
so easily dismantled and cleaned that it is a simple matter in case of any 
difficulty to get at every part of the machine. This is done without the 
necessity of breaking joints with gaskets. The simple removal of the bell 
jar from the water seal renders the chlorine inlet valve and meter tube 
readily accessible or removable. With this machine it is possible to feed 
into a suction line, into an open body of water, or into a pressure line where 


Fia. 6. — CHLORO-BOAT. 


the pressure existing is not over approximately one-fourth of the water 
pressure available to operate the machine. 

A large number of these machines are now operating in actual service, 
some for about two years, and they have given extreme satisfaction, and the 
general favorable comments of plant operators where they are installed 
are most enthusiastic. Up to the present time there have been about 
three hundred units of this type of equipment installed. 

The feature mentioned in the description of this machine by which 
the machine shuts down if the water supply is cut off has been utilized to 
render this machine applicable to use for what is termed as semi-automatic 
control. At Scarsdale, N. Y., either one or two pumps are in operation 
automatically, each at a fixed rate according to the pressure existing in the 
system. By the installation of vanes in the discharge line from each pump, 
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these vanes operating valves in the water supply lines to the chlorinators, 
it is possible to have either one or both of the chlorinators in operation. 

The general ruggedness of this equipment has rendered it adaptable 
to a use which may be of interest, and Fig. 6 shows the chloro-boat, utilized 
at the Potomac Tidal Basin for sterilizing this bathing place. These 
chlorinators discharge chlorine water through hose lines astern of the boat 
and the boat circles about the basin sterilizing the water. 

The rugged construction of this equipment has rendered it particularly 
applicable for use in connection with construction work which is being 
performed upon some of the larger watersheds. - Seven of these machines 
have been installed in connection with contractors’ work on the New York 
Water Supply where tunnels or siphons are being constructed, the work 
being located on the watersheds of other towns. The Board of Water 
Supply of New York required that all water pumped from these workings 
be sterilized before discharging into the sheds. The same practice was 
carried out in connection with the new water supply for the city of Provi- 
dence, R. I., and two such machines are installed there for this purpose. 

It is now an established fact that this vacuum type solution machine 
has met the demands for a rugged and practically foolproof chlorine control 
apparatus and it is being generally installed where applicable. 

We have endeavored to present to you some of the most recent develop- 
ments in chlorine control apparatus for use on water supplies and to show 
you the advances which have been made in the matter of control equipment, 
both in the matter of machines to meet varying conditions and in the way 
of improvement with the end in view to develop as rugged equipment as 
possible, which is as near foolproof as it can be made. 


STANDARDIZATION OF FIRE HOSE THREADS. 
BY MAJOR J. HASTINGS HOWLAND.* 


[Read December 11, 1923.] 


The invitation extended by your President to present at this time a 
paper before this great service Association was keenly appreciated. For 
some two years or more the National Board of Fire Underwriters has been 
seeking an opportunity to emphasize the urgent need of greater initiative 
on the part of water works men and organizations towards the country- 
wide Standardization of Fire Hose Threads. 

The speaker has had this movement in charge since it was first taken 
over by the National Board some 5 to 6 years ago, and is in a position to 
know, after 35 years’ experience in water works studies, that it spells — 
ECONOMY — EFFICIENCY and CONSERVATION, to every system 
of public and private water supply in the country. 

For more than half a century the distinct advantages to be derived 
from the Standardization of Fire Hose Threads have been generally recog- 
nized. But up to very recent years it was with this subject, a good deal 
as Mark Twain once said about the weather, “‘ that there was a whole lot 
of people talking about it, but none of them were doing anything about it.” 
It has, however, taken on a new lease of life, with the result that the fire 
chiefs and general public, as never before, are becoming aroused with the 
conviction that ‘‘ Misfits in Fire Hose Threads’’ must no longer be tol- 
erated. Should the water works men, as guardians of the greatest of all 
fire-fighting facilities, show less initiative than our fire chiefs and other 
individuals and organizations that have recently become actively engaged 
in applying the remedy? 

When business is good fires decrease, and when business is bad they 
increase, but when the fire hose threads in any city or town cannot be 
connected up with those of its neighbors, it doesn’t matter whether business 
is good, bad, or indifferent, waste from fire is sooner or later bound to 
follow. 

Unmateable threads have contributed to the spread of scores of our 
most destructive fires. Boston had its experience 51 years ago. There 
was a time when that city could not connect up with the threads in Cam- 
bridge, directly across the Charles River. New Bedford and Fall River 
have extended their built-up areas so that they have almost grown together; 
their existing hose threads are not interchangeable one with the other. 
Twenty years ago on the 7th of next February, leaping, gale-driven flames 
threatened the city of Baltimore with extinction. Not one of the big, 
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strong companies responding from the Washington, Philadelphia, and 
New York fire departments could connect their hose to the Baltimore 
hydrants; uniform threads would undoubtedly have saved quite a few of 
the fifty millions in property values that were destroyed in that conflagra- 
tion. There are scores of instances, three in the State of Maryland within 
the past two years, where unmateable coupling threads were the out- 
standing cause of the huge and senseless losses that were experienced. 

How many of you ever stopped to think that human lives and property . 
values in your respective municipalities are more dependent upon those 
threaded hydrant hose outlets than upon any other fire-fighting facility 
in existence? Can we water works men, fire chiefs, and other officials 
directly in charge of these public utilities escape our full share of the 
responsibility for continuing as in the past to permit different sections of 
the country, various cities and towns in every state and in a number of 
instances a single municipality, to attach widely different and frequently 
non-interchangeable threads to the indispensable fire hose and hydrant 
outlets? 

What is more to the point, are we going to be allowed to let this awful 
toll continue to be exacted, through our purblind self-complacency? While 
the development of the existing thread situation was inexcusable from 
the very start, the effective application of a very simple and inexpensive 
remedy has already gained irresistible headway, with every indication of 
its steadily attaining increased speed. 

Let me review briefly what has been accomplished since the National 
Board first took hold of this movement nearly five years ago. 

Complete sets of tools for converting the great majority of the existing 
threads to the universally adopted National Standard, the lack of which 
had been an outstanding factor in retarding progress throughout this long 
term of years, were first made available and tried out in May, 1919, in 
Hunterdon County, N. J. Two months later the threads in three munici- 
palities in Indiana were completely standardized. 

The results thus obtained were so, encouraging that organized move- 
ments for state-wide standardization were then and there suggested. 
Pamphlets issued and widely distributed late in 1919 and in 1922, helped 
to arouse further interest. 

Michigan and New Jersey in 1920 took the lead; followed by Indiana, 
Minnesota, Ohio, and Rhode Island in 1921. As a result we now have 
over one-third of our states in which this movement is organized and 
actually under way. Since the spring of 1920 close to 800 of our munici- 
palities have had their fire hose threads completely standardized, about 
250 of which were finished up during the present calendar year. There are 
approximately 8 000 protected cities and towns in the entire country; it 
is therefore evident that we have made some considerable progress. 

Many public and private organizations have rendered valuable assist- 
ance in advancing this movement. The Hackensack Water Company 
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voluntarily standardized the threads on all of their hydrant nipples and 
caps and much of the fire station equipment in the 50 towns which it serves. 
Many of our sectional and state associations of fire chiefs have appointed 
working committees that are getting good results. The National Screw 
Thread Commission has adopted definite thread limit dimensions for the 
previously adopted national standards. These with specifications for the 
general adoption of proper gages for testing the finished product, both 
by the manufacturer and the user, have been embodied in pamphlets 
prepared by the American Society of Mechanical Engineers, which are 
now before the American Engineering Standards Committee for approval. 
The Brass Hose Fittings Manufacturers’ Association, which represents 
three-fourths of the hose coupling output in the country, has made pro- 
visions for checking the finished product by means of complete sets of 
thread limit gages, in all future cases, where national standard threads are 
specified. Considerably over a year ago we solicited, but without effect, 
an invitation to give a talk and demonstration before the Water Works 
Manufacturers’ Association with a view to getting similar action, thereby 
relieving its membership of unsatisfactory jobs, involving replacements, 
alterations or repairs of threaded hydrant parts for fire hose connections. 
The National Fire Waste Council under the leadership of the Chamber of 
Commerce of the United States has embodied the Standardization of Fire 
Hose Threads as a feature of the Inter-Chamber Fire Waste Contest, in 
which many of the 1 400 local chambers of commerce and trade organiza- 
tions are participating. In February of this year the Oregon State Legisla- 
ture passed a bill making it mandatory for all state and municipal fire 
hose fittings to be equipped with national standard threads. Other states 
have sent for copies of that bill. Under the direction of the state fire 
marshal, 16 of their municipalities had, to November 1 this year, been 
completely standardized. Some of our railroads, through the efforts of 
a Committee of the Railway Fire Protection Association, have purchased 
tools for the purpose of converting the threads on their respective prop- 
erties, and influencing some of the towns along their lines to do likewise. 

We are safe in stating that no similar movement heretofore started 
has met with stronger endorsement, greater codrdination of effort or more 
generous public support. Yet we are far short of the desired goal, as in- 
dicated by the fact that approximately three-fourths of our 8 000 protected 
cities and towns still have non-standard threads. 

The New England and the American Water Works Associations were 
among the very first to officially endorse and approve the specifications, 
first recommended by the committee of the National Fire Protection 
Association in 1905, for the national standard threads. In all 29 of our 
leading engineering societies, water works, and fire chiefs’ associations. 
and national, state, and private organizations have taken similar action. 
So that this Association helped to get this standard thread so strongly 
supported and adopted that it cannot now be supplanted. 
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Can this Association, however, afford to be content with passive, 
rather than initiatory, action in so important a movement in public safety 
and in which the utilities, placed under your supervision, play so large a 
part? 

Discussion. 


Mr. Tuomas E. Latity.* Mr. President, I would like to ask Mr. 
Howland what is the nature of the metal upon which they have changed 
the threads? Was it brass or composition? 

Mr. Howtanp. I am glad to answer that question. At the last 
meeting of the Brass Hose Fittings Manufacturers’ Association they 
adopted specifications for the composition of hose couplings, which should 
include hydrant nipples, and they are adhering to and have adopted the 
Underwriters’ Laboratories’ specifications for hose couplings, requiring 
83 per cent of copper, about 5 per cent of tin and small amounts of zinc 
and lead. There has been a very wide tolerance practiced in the manu- 
facture of composition. We found in Connecticut not long ago, in expand- 
ing a 2°!/3:-in. up to the National Standard diameter, we cracked perhaps 
25 per cent of the hydrant nipples in the town of Manchester; upon ex- 
amining those nipples we found they contained a large percentage of zinc, 
very white, sandy and friable; not only poor composition but extremely 
thin, so that they would not stand expanding. The town looked at it 
from a broad viewpoint and ordered National Standard nipples put in. 
They are entirely different looking nipples from what they had originally. 
But I will say that in all these 800 cities and towns that we have stand- 
ardized we have not cracked 1 per cent of the nipples, so do not gather 
from the experience of this small town in Connecticut that 25 per cent 
of the existing undersized nipples are going to be fractured. It is mis- 
leading. The composition of hydrant nipples is a matter that should be 
taken up, I think, by water works associations and fire chiefs’ organizations 
throughout the country and made a national standard, because the man- 
ufacturers, and I suppose some of the jobbers and unscrupulous fellows, 
are putting in all kinds of metal. I heard in New York of one jobber or 
small manufacturer, a shopman, who was making fire-hose couplings and 
selling them for $1.60 a set, where the recognized manufacturers, like the 
Acorn Brass and some of the others cannot make the National Standard 
composition and weight for less than $3.50 or $3.60. You can see what is 
going on. 

Mr. Joun C. Coase. I would like to inquire how large cities have 
adopted this new standard? 

Mr. Howranp. Flint, Fort Wayne, Evansville, Memphis, Saginaw, 
Chattanooga, and other cities, some of 100 000 and over, have been com- 
pletely standardized; and in connection with the recent convention of the 
International Association of Fire Engineers we had a meeting of the eastern 
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metropolitan city fire chiefs: from Boston, both Chief Taber and Com- 
missioner Glynn; the Philadelphia fire chief, the Washington fire chief, 
the Richmond chief and commissioner and from Baltimore one of the 
Board of Fire Commissioners and the fire chief. We talked over this 
proposition and I thought we did well; we got the city of Boston and the 
city of Washington to authorize us to say that standardization was to be 
at once taken hold of in those two cities. Commissioner Glynn and Chief 
Taber issued an order that nothing but National Standard threads are to 
be purchased from now on. Of course they have got an easy problem. 
They have the Roxbury thread here, which is mighty close to the National 
Standard. It is supposed to be the same diameter, with only a half thread 
difference in an inch of travel; all they have got to do with the Roxbury 
thread is to bring it right to diameter so as to interchange with the National 
Standard. I know from the processes of manufacture heretofore used that 
the product is not uniform; they are going to have some of those Roxburys 
that are going to clash with the National Standard thread. It means 
they have got to spin over with their tools some of the existing threads 
to get good fits. Boston and Washington have authorized it and we have 
a large number of cities of over 50 000 that have completely standardized 
their fittings within the past three years. 

Mr. E. D. EvprepGe.* Mr. President, I would like to ask if the 
speaker will please repeat the dimensions of the standard thread — whether 
it is V thread or United States thread, and the pitch or the threads per 
inch? 

Mr. Howtanp. It is known as the National form of thread, 60 
degrees V thread with the specified flats in the valley and peak, 3}; in. 
outside diameter of the male and 73 threads per inch. 

Mr. Latiy. Mr. President, I would like to ask if anything was done 
on the standardization of the steamer connections. 

Mr. Howtanp. This Association adopted the National Standard 
thread, which included everything from 23 in. up to and including 44 in.; 
but we have not yet found any practical means of standardizing the 44-in. 
fittings, because the variations are too wide for any one set of tools to 
handle. The 4}-in. is the only recognized steamer suction diameter, if 
that is what you want. 

Mr. Latiy. That is the point I was getting at. 

Mr. How.anp. It is the only National Standard thread for steamer 
connections. 

Mr. Latty. The reason I asked is because there has been some talk 
lately about cutting down the size of steamer connections; that there was 
less strain on the hydrant due to the discharge through small connections 
than through the large ones. Having had some experience in hydrants 
and in testing hydrants, I was curious to know whether the National 
Board had made any recommendations on that point. 
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Mr. Howtanp. I think that inasmuch as the automobile pumping 
engines are getting larger and larger, some of them being made over one 
thousand gallons, I do not think the National Board would want to go on 
record as advocating anything less than that the National Standard, 
43-in. suction for steamer connections. 
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CAST-IRON SERVICE PIPE. 


By J. R. MC WANE.* 
[Read December 11, 1923.} 


Some years ago a committee of your Association made a study of 
service-pipe problems and submitted a report in which they listed six 
essential requirements for a satisfactory service pipe. Now, with the 
vast increases in street paving following the rapid growth of urban popula- 
tion in this country, has come a fresh realization of the enormous wastes 
of digging up these pavements to repair and replace services. When 
added to the labor bill, the rust bill already levied, the total price of im- 
permanent pipe for services has appeared prohibitive. So it is with a view 
of discussing the application of your committee’s recommendations to 
small cast-iron pipe for services that the following remarks are addressed. 

These recommendations, as you may recall, were: 

1. That the service pipe should not affect the water passing through 
it in such a manner as to make it injurious to the health of those using the 
water. 

2. That it should not have a deleterious effect on the taste, or odor, 
of the water, even though not injurious to the health. 

3. That it should have a sufficient capacity to give adequate service 
at all times. 

4. That it should be strong and durable. 

5. That it should be easily laid. 

6. That it should be inexpensive. 

Now all of this sounds at first blush as though it were a pretty accurate 
description of a cast-iron service. But it has not always been, and there 
are several interesting and important developments in sizes, methods of 
casting, and of making joints that go far toward putting a new and brighter 
face on the matter of using cast-iron pipe for services. 

Taking up the committee’s requirements in order, there is little new 
to be said concerning cast-iron pipe under the first two heads. The same 
kind of pipe and coating as the mains themselves makes unnecessary any 
separate consideration of mains and services when both are cast iron. It 
guarantees that there will be no harmful effects as to taste, odor, or health. 

Cast-iron service pipe would remove all fear of metal poisoning, for 
it produces no compounds injurious to the health of those using the water. 
Even if the standard pipe coating were to be damaged, there would merely 
form a protective coating of rust on the inner surface of the pipe which 
would become a part of the pipe itself. It would not come off in the water. 


* President, McWane Cast-Iron Pipe Company. 
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The third requirement has heretofore been more often the cause of 
complaint from quite the opposite standpoint: not that cast-iron pipe 
was too small, but that it was too large. And, with the smallest cast-iron 
pipe in common use being 3-in., there were numerous cases where cast-iron 
pipe was too large. Feeding a five-room residence or apartment through 
a 3-in. pipe, for example, was poor practice from more viewpoints than 
one. 

Happily, this condition has been met. At our foundries in Birming- 
ham we are now successfully making cast-iron pipe as small as 1} and 2-in. 
This not only insures sufficient capacity without wasteful over-capacity, 
but an interesting side light has been developed by V. Bernard Siems, 
Engineer for the City of Baltimore Water Department. Studies and tests 
made by him with a number of 1}-in. cast-iron services there have revealed 
a great reduction in friction loss. His comparative charts covering this 
feature are most interesting. 

Particularly does cast-iron pipe shine under the fourth head, that 
the service pipe shall be strong and durable. There is also a strong “‘ home 
flavor’ to this portion of the subject. New England has undoubtedly 
made more real study of the causes of and cures for service-pipe troubles 
than any other part of the country. In consequence, it is here too that 
perhaps the largest number of cast-iron services are already in use. In 
spite of some very real objections to them — which we believe we have 
now overcome — many cast-iron services are in satisfactory use in this 
part of the country to-day. 

As to the durability of the material from which cast-iron pipe is made, 
it is felt that no further briefs need be advanced for cast-iron. I wish I 
could have brought with me some portions of a-2-in. cast-iron service which 
were dug up in Hagerstown, Md., this year and sent to us. This service 
was laid in 1881, and when unearthed, after 42 years’ faithful service, was 
to all appearances as sound as the day it was laid. 

Records here and abroad still do not extend far enough to indicate 
the real life of cast-iron pipe. We can only say that 7f and when the cast- 
iron pipe in some of the oldest lines in France, now completing its third 
century of continuous service, finally wears out, then we shall know what 
the maximum life of cast-iron pipe is. This long durability native to all 
cast-iron pipe is, of course, one of the strongest reasons for considering it 
for services. 

As for strength, we are now producing by the McWane process of 
casting in green sand a far tougher and stronger pipe than it has heretofore 
been possible to get. It is a very close-grained iron of great tensile strength. 
It reduces breakage to a minimum — an important point with small pipe. 

Another feature of the dependability of the service as a whole when 
laid with this pipe is the flexibility and automatic joint tightening intro- 
duced by the McWane precalked bell and spigot type of joint. It will 
be described in detail a little later. 
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It has been thoroughly demonstrated in the experience of past years 
that a screw-joint cast-iron pipe in the smaller sizes is not satisfactory. 
The weakest point in such a line is at the base of the thread. It is a well- 
known fact that the breaking of the skin on cast iron weakens it out of 
proportion to the amount of iron removed. In other words, the strength 
of a casting is largely in the skin, which is close-grained and tough, due to 
the change of the nature of the carbon as a result of more sudden cooling 
next to the sand. Most of the trouble with cast-iron service pipes which 
were used before the advent of steel was breakage at the threads, on account 
of weakening, as stated above, and on account of rigidity of the lines. In 
the development of McWane pipe for services this has been kept constantly 
in mind. Outside threads are used only when absolutely necessary to 
connect with existing lines or fittings. The lead gooseneck takes the strain 
off the thread at the connection with the main. Moreover, all ends of pipe 
or fittings to be threaded are restricted in their internal diameter to com- 
pensate somewhat for the weakening at the thread. This restriction of 
the diameter at one or two points does not materially affect the flow, as 
evidenced by the Venturi meter. Both male and female fittings are fur- 
nished for 1}-in. pipe and the preferred practice is to use the female fittings 
for connection both at the main and the curb, which entirely obviates 
any danger from an outside thread. However, this danger, as stated above, 
is reduced to a minimum by the strengthening of the section where the 
thread is to be cut. While McWane pipe may be threaded at any point 
in an emergency, it is not recommended by the manufacturer as good 
practice. Threads should be cut only on ends that are reinforced for 
the purpose. 

It is the substitution of an improved bell and spigot joint for the 
threaded couplings of former years that has perhaps done most for the 
renewed consideration of cast-iron services. Liability to breakage at the 
joints under earth settlement and traffic has thus been practically elim- 
inated. A service of the new type is capable of resisting practically every 
strain, settlement. or vibration that may be thrown upon it. 

‘Cast iron’s higher resistance to electrolysis should also be mentioned 
as another phase of its durability. 

The committee’s fifth provision, that the service should be easily laid, 
is of prime importance. A slow, cumbersome, expensive laying process 
would go far to defeat the economy and popularity of any type of service. 
Here, again, has been one of the chief obstacles in the way of more extended 
use of cast-iron pipe in small sizes. With the positiveness and flexibility 
of the bell and spigot joint felt to be a necessity for best results with cast- 
iron pipe, there has been much to say against carrying about a lead pot, 
yarning, digging bell holes, and all the rest of it, in order to lay small pipe. 
All this paraphernalia and labor did not fit in with the average practical 
man’s ideas of ease, speed and economy of laying services — and rightly 
so. Even if the field-made bell and spigot joint were as cheap and reliable 
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as the factory-made, the consideration of obstruction to traffic would still 
entitle the latter to preference. 

With pipe so equipped, it is only necessary to assemble the lengths, 
enter spigot ends in bells, cold calk the top halves of the lead joints, and 
“touch up” the bottoms with offset tools (without bell holes). About 
the same speed is made as with steel pipe laying. If desired, several lengths 
can be calked together on the bank and placed in the trench as one. As 
high as 16 lengths have been so laid as one piece with our 2-in. pipe. 

The final provision, that the service should be inexpensive, is bound 
up in several of the former ones. Low cost of the pipe, of joint materials, 
and the minimum of time and labor in laying are requisites of a low initial 
cost. Thereafter long life, with freedom from repairs and replacements, 
is also necessary to complete the only true economy — a low ultimate cost. 
Cast-iron pipe combines these qualities, being moderate in first cost and 
lowest of all in final cost. Weighing advantages and economies against 
any possible disadvantages, cast-iron services have the balance decidedly 
in their favor. 

MeWane service pipe is cast in 5-ft. lengths with the possibility of 
this being increased to 6-ft. lengths. This facilitates handling and affords 
enough joints to give the flexibility the line needs. 

As it comes from the foundry the bell has a double lead groove in its 
inner surface. These grooves doubly lock the joint materials in place in 
the bell. 

In the joint-making department these pipes are stood vertically in 
racks, bells upward. Into each bell goes a mandrel representing the next 
length of pipe. Around this mandrel, in the bottom of each bell, is placed 
a layer of braided hemp, absorbent of water and designed to swell and 
close very tightly the space between the two lengths of pipe when a joint 
is made. On top of this ring of hemp goes a circle of metal wedges, em- 
bedded in their upper ends in a ring of lead. These wedges are the self- 
tightening device mentioned. Under any movement of the pipe they slide 
a fraction of an inch forward, compressing one of the layers of hemp and 
automatically tightening the joint and preventing leaks. 

Next come two more layers of braided hemp calked in place. Then 
melted lead is poured into the joint, completely filling it flush with the top 
of the bell. Finally the half of the joint circumference that is to be placed 
downward in the trench is precalked with a straight tool, following which 
the mandrel is removed and the wooden blocks are inserted that protect 
the joints while in transit. 

So you see you have the old reliable bell and spigot joint. The main 
difference is that the joint is made at the factory instead of in the trench. 
Instead of making it, you merely complete it by top calking it and touching 
up the bottoms. This cold calking of the top halves of the lead joints 
drives the pipe downward to a firm seat at the bottom, and the “ touching 
up”’ finishes the operation. You have a uniform, positive, flexible, yet 
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rigid, self-tightening joint. You have got rid of your lead buying, melting, 
and pouring; your yarning, your bell-hole digging, and half of your-calking. 
And you have a factory-made joint instead of a “‘ homemade ”’ one, at a 
saving of time, money, labor, and leaks. 

The male and female pieces referred to above, which are used for 
getting away from and getting into corporation and curb cocks, are fur- 
nished threaded for whatever size is wanted, 4-in. to 1}-in., and in either 
bell and thread or spigot and thread. 

A slightly different application of the same principle is used with 
2-in. and 3-in. pipe by means of double hub lengths and of double-threaded 
lengths, which latter may be cut and fittings inserted where desired. The 
double hub pieces permit resumption of the hub leading in laying the line. 

No attempt is made in this paper to go into all the detailed methods 
of connecting up cast-iron services, it being felt that a general description 
of the requirements, of the pipe that has been produced to meet them, 
and of the method of changing from bell and spigot to threaded connections 
is sufficient. With the principles clear the rest is detail. 

Recent happenings indicate that the various cities of the country are 
becoming increasingly awake to the desirability of more cast-iron services. 
Washington, D. C., has lately moved along this line in amending its plumb- 
ing ordinances so that only lead, drawn-brass, or cast-iron services may be 
laid under its paved streets. Of course cast-iron has preference under 


these regulations from the standpoint of initial cost in competition with 


these other materials. 
The Lake Forest, Ill., Water Company has lately notified its consumers 


that: 


“Tt has seemed advisable to adopt a metal that will not rust or deteriorate under 
ground. To this end it has been decided that extra heavy lead pipe or CAST-IRON 
WATER PIPE will be uniformly required from the street main to the water meter on 


all new installations for private service lines. 
“Entire replacements of leaky services will be considered as new service and will 


be governed by the same regulations.” 


This is only typical of what is taking place at many points. And 
with the removal of the final limitations to the extensive use of small 
cast-iron pipe, as just described, it is apparent that the day of the economical 
and enduring cast-iron service is at hand. 
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FURTHER STUDIES OF WATER PURIFICATION BY FILTERS 
CHARGED WITH ALUMINUM OR FERRIC HYDROXIDE. 


BY H. W. CLARK.* 
[Read February 12, 1924.] 


At the annual convention of this Association held at New Bedford in 
1922 I read a paper in regard to the treatment or purification of water by 
slow sand filters loaded or charged with aluminum or ferric hydroxide. 
That paper reviewed the results obtained at the Lawrence Experiment 
Station during five years’ trial with small filters of this new Lawrence 
method. Since that convention a further large amount of interesting in- 
formation concerning this method has been accumulated by us at Lawrence 
and elsewhere and I propose to give some of that information at least in 
this paper. 

To those who have not read the previous paper, allow me to state that 
these loaded filters are primarily for the removal of color and organic matter 
from water and such results as we have obtained seem to show quite con- 
clusively that this removal of color and organic matter, especially with the 
soft New England waters, can be obtained rather more cheaply than by 
mechanical filtration and produce an effluent no more corrosive than the 
water undergoing treatment. 


DESCRIPTION OF PROCEsS. 


Briefly, the process as developed by us consisted at first in loading 
sand filters with either aluminum or ferric hydroxide by the application of 
alternate doses of soda ash in solution and either aluminum or ferric sul- 
phate in solution, aluminum or ferric hydroxide being precipitated on the 
sand grains throughout the entire depth of the filter. When constructed 
of sand of the grade quite commonly used in slow sand filtration, that is, 
with an effective size of from 0.25 to 0.30 mm. and operated at a rate of 
5 000 000 or 6 000 000 gal. per acre daily, they remove for periods of from 
5 to 8 weeks from 60 to 75 per cent of the coloring matter of the applied 
water. When constructed of finer sand, that is, sand with an effective 
size of from 0.10 to 0.15 mm., they will often remove more than 90 per cent 
of this coloring matter for periods of 3 or 4 months. At the end of each 
run or period of successful color removal it is necessary to remove the 
coloring matter accumulated within the filter by the application of a solu- 
tion of caustic soda, this solution generally being passed through the filter 
several times. 


* Chief Chemist, Massachusetts Department of Public Health. 
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MeEruop oF LoapDING. 


From the beginning, two methods of loading or charging the filters 
were used. The first method and the one absolutely successful at Lawrence 
was the application of alternate doses of solutions of aluminum or ferric 
sulphate and solutions of soda ash. Further experience demonstrated that 
this method was not successful with larger filters, as it was impossible to 
prevent unequal precipitation of the hydroxide in the filters, hence stratified 
layers were formed. These stratified layers clogged the filters, caused great 
loss of head, which destroyed their rate efficiency, and shortened the runs 
between caustic treatments. The filters can be evenly charged, however; 
that is, the hydroxide precipitated equally throughout the entire depth of 
filter by using finely powdered magnesite as the alkali and mixing it 
thoroughly with the sand when the filter is constructed. This mixing can 
be done with a concrete mixer or other apparatus. Recent experiments 
have shown that with care, soda ash can be successfully used in the pow- 
dered form but the use of magnesite is preferable. When loading with 
powdered soda ash both this body and powdered aluminum sulphate are 
mixed thoroughly with the sand during filter construction and the filter 
slowly flooded from below. 


PERMANENCY OR REMOVAL OF ALUMINUM HYDROXIDE. 


As the Lawrence filters loaded with aluminum hydroxide gave as sat- 
isfactory color removal results at the end of five years as when first put in 
operation, and as upon examination they were found to contain the theo- 
retical amount of hydroxide, that is, the amount precipitated within them 
when constructed, the statement was made in the former paper that this 
hydroxide was permanent within the filter. This is probably true up to a 
certain point, but as discovered by further work its permanence in the 
filter depends upon the strength of the caustic solution applied in removing 
stored color. When regenerating the Lawrence filters we seldom used more 
than five tons of caustic per acre of filter surface and this caustic has always 
been applied in comparatively weak solutions. In work at Providence, R. I., 
however, where Some investigations of this process were carried on by the 
Water Supply Board of that city (Frank E. Winsor, Chief Engineer), 
under the direction of the writer, attempts at regeneration with strong 
solutions of caustic resulted in great removal of aluminum hydroxide. 
These stronger solutions were used, generally speaking, in order to obviate 
passing the caustic through the filter several times; that is, to do away with 
pumping over. This pumping over, however, apparently costs but little 
and hence the use of strong solutions is not generally necessary. The 
Providence results, however, caused us to make extensive studies on this 
point of hydroxide removal and a thorough examination of the Lawrence 
filters to determine their condition. As a result of this it was found that the 
experiment station filters put into operation in 1917 and 1918 and which 
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had never been treated with more than five or ten tons per acre of caustic 
soda, still contained their initial amount of aluminum hydroxide. Fre- 
quent examinations of the caustic solutions after passage through these 
filters made during the years of operation showed also that the amount of 
alumina present in the used caustic, that is, removed from the filters during 
regeneration, was no greater, generally speaking, than the amount normally 
present in the river water applied to the filters and perhaps deposited in the 
filters between caustic treatments. 

Another factor to be taken into consideration was the fact that the 
total amount of hydroxide removed by regeneration in five years of opera- 
tion of the Lawrence filters was but a small fraction of the amount of 
alumina primarily present in the sand of which the filters were constructed 
before any hydroxide was precipitated within them; that is, before the 
filters were loaded or charged. The sand used in filter construction both at 
Lawrence and Providence contained naturally from 10 to 12 per cent by 
weight of alumina. Application to certain of the Lawrence filters of strong 
caustic solutions — 30 or 40 tons per acre — resulted in the same great 
removal of aluminum hydroxide as at Providence. 


Ferric HypROXIDE. 


Notwithstanding the satisfactory Lawrence results, that is, that the 
Lawrence filters still contain the primary amount of hydroxide precipitated 
in them when they were started, the fact that overdoses of caustic will 
remove aluminum hydroxide has caused us to consider more in detail the 
use of ferric sulphate instead of aluminum sulphate as ferric hydroxide 
when precipitated in a filter is permanent whatever the strength of caustic 
used in regeneration. In fact, two of our early Lawrence filters were 
charged with ferric hydroxide in May, 1917, and September, 1918, — six 
and one-half and five years ago, respectively, — and both have given as 
good color removal as any of the Lawrence filters charged with aluminum 
hydroxide. The reason that the use of this ferric hydroxide had not been 
more dwelt upon in the Lawrence work was that ferric sulphate apparently - 
had to be used if ferric hydroxide was to be precipitated in the filter and 
this ferric sulphate was not, we believed, a commercial product low enough 
in price to warrant its use in this way. : 

We have overcome this obstacle, however, in two ways: — (1) We 
find that a ferric sulphate solution can be obtained from certain chemical 
companies, this solution being known in the chemical and dyeing trade as 
nitrate of iron. This term is a misnomer, however, used only for trade 
purposes and apparently because nitric acid is used as an oxidizing acid 
in the production of this body. This nitrate of iron, so-called, is really a 
thick, heavy solution of ferric sulphate. It has a specific gravity of about 
1.4 and contains 4.6 lbs. of ferric sulphate per gallon. It can be obtained at 
such a price that the sulphate present costs only about 2.6 cents a pound, 
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and as this ferric sulphate is in solution it is 100 per cent available while 
crude aluminum sulphate as purchased is only 55 per c€nt sulphate; that is 
to say, at the figure given, ferric hydroxide can be precipitated in the 
filters at a somewhat less cost per ton than aluminum hydroxide. This 
fact makes the use of ferric hydroxide entirely reasonable and practical in 
filters of this kind, and at the present time we have in operation at Law- 
rence two sand filters containing approximately 30 tons per acre of ferric 
hydroxide precipitated from this so-called nitrate of iron solution, and 
each of these filters is doing good color removal work. This ferric sulphate 


TABLE NO. 1. 


ALUMINA CALCULATED TO POUNDS PER ACRE FOUND IN WASHINGS FROM FILTERS 
TREATED WITH CausTIc Sopa. 


Date of Caustic | 
Filter Size of Sand. Treatment Soda Used. | Alumina. 
No. (Millimeter.) 1923. (Tons.) | (Pounds.) 
488 .25 Feb. 27 10 148* 
Apr. 9 10 
ay 8 10 242* 
494 -25 Feb. 27 10 77 
9 10 188 
ay 8 10 142 
June 25 10 0 
512 . 25 Feb. 27 5 77 
Apr. 5 5 233 
May 8 § 192 
June 27 5 98 
514 .25 Feb. 27 5 127 
May 8 5 133 
515 .25 Feb. 27 10 156 
May 8 10 1 232 
June 28 45 15 900 
527 .25 _ 9 5 273 
ay 8 5 83 


* Loaded with ferric hydroxide. 


solution as now obtained is rather acid. This can be overcome, of course, 
by using an excess of alkali in filter charging and no doubt a less acid product 
would be obtained if there was a demand for it. (2) Besides the use of the 
ferric sulphate solution we have recently discovered a second way of load- 
ing a filter with ferric hydroxide and that is by the use of copperas or fer- 
rous sulphate. In other words, we have found that if a sand filter is loaded 
with copperas and magnesite and run intermittently for a short time, the 
air entering the filter and the dissolved oxygen in the water applied will 
oxidize the ferrous hydroxide formed to the ferric state. This apparently 
simple method did not occur to us until quite recently but preliminary 
results are encouraging. 
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By this process a slight excess of alkali is necessary to cause the chem- 
ical reaction to occur and this excess must be taken up by the applications 
of small amounts of ferric sulphate. About 90 per cent of the hydroxide 
loading is accomplished with the ferrous salt and the remainder with the 


ferric. 


Cotor REMOVAL BY EXPERIMENTAL FILTERS. 


At the present time we have fifteen filters in operation at Lawrence 
as shown by Table 2, all operating at about 5 000 000 gal. per acre daily. 
Certain of these filters contain from 19 to 373 tons of aluminum hydroxide 
per acre and five of them loaded with the use of ferric sulphate contain 
from 144 to 39 tons of ferric hydroxide per acre. The table shows that 
we precipitate in the filter from a given weight of ferric sulphate practically 
twice as much hydroxide as from the same weight of aluminum sulphate. 
The table also shows the depth of the filters, the date when they were 
put into operation, the number of times each filter has been treated for 
the removal of stored color, the average number of days or length of run 
between these treatments. This average as will be noted has varied from 
51 to 142 days. 

Table 3 presents some of the figures of Table 2, together with addi- 
tional data; that is, it shows the tons of hydroxide per acre in each filter 
and the depth, as shown on the previous table. Besides these records, 
however, the average color of the applied water and ‘effluents from the 
filters are shown, the average alkalinity of the applied water and effluents, 
and the hydrogen cencentration factor of these waters. 

It will be noticed that the color removal results vary to some extent, 
but that the filter giving the smallest average removal, namely, No. 494, 
shows a reduction of 60 per cent while many of the filters show average 
color removals of 80, 85 and even more than 90 per cent through a long 
period of operation. The hydrogen ion concentration range averaged 6.2 
for the applied water and from 6 to 6.8 for the effluents. Generally speak- 
ing, we have found that when the average pH is from 6 to 6.3 the best 
color removal is obtained. 


EFFICIENCY LESSENED BY ALKALI BUT INCREASED BY AcID TREATMENT. 


There is one peculiar thing in the operation of these filters and the 
hydrogen ion concentration factor that has been brought out during the 
year. Apparently, as I have stated, the best results are obtained when 
the pH of the effluents is about 6 to 6.3 or slightly more than the hydrogen 
ion concentration or pH of the applied water. This slight increase in the 
effluent is due entirely to the residual alkalinity retained by the hydroxides 
in the filters in the form of sodium bicarbonate as a result of the treatment 
with caustic soda solutions; that is, some of this caustic soda is converted 
to bicarbonate by the free carbon dioxide in the water. Now if you increase 
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the pH factor by adding a little more sodium carbonate, say, enough to 
increase the pH of a filter effluent from 6.2 to 6.7, the filter immediately 
begins to produce poor color removal results. Trying this with Filter 
No. 530, for instance, increased the color of the effluent in a day or two from 
6 to 16. This led us to try an opposite method of treatment of the filters; 
that is, the addition of a slight amount of acid to the applied water im- 
mediately after regeneration with caustic. The results are shown in Table 
4 and indicate clearly the rapid effect on the color removal efficiency of 
the filter. Decreasing the average alkalinity of the effluents from 1.5 to 
.8 and the average pH concentration factor from 6.8 to 6.2 reduced in 
twenty-four hours the average color of the effluents of six filters from 17 
to 4, and this improvement of the filters by acid treatment seems to last 


TABLE NO. 4. 


Errect or ADDING SULPHURIC AcID TO WATER APPLIED TO FILTERS. RESULTS 
BEFORE AND EIGHTEEN Hours AFTER APPLICATION OF THE AcID. 


Filter Co.or. ALKALINITY. | pH. 
ma Before. After. Before. | After. Before. | After. 
488 28 9 1.5 | ees) ee 6.2 
494 21 4 5.9 
512 15 4 6.6 
514 8 2 1.7 | os |. 7.2 6.4 
528 16 5 1.1 | 5.9 
533 2 7.0 6.3 
| 
| | | 
Average. . 17 4 1.5 | 0.8 6.8 6.2 


through a considerable period of operation. There is one curious fact 
in regard to this, moreover, and that is the improvement occurs without 
any relation to the absolute pH of the effluents. For instance, Filter No. 
528, giving an effluent with a color of 16 and this effluent having a pH 
factor of 6.1 was by the acid treatment, improved so that the color of the 
effluent was 5 and the pH 5.9. The effluent from Filter No. 533 having an 
average color of 11 and a pH of 7.0 was by the acid treatment improved so 
that the color of its effluent averaged 2, but the resulting pH was 6.3 or 
.2 greater than the effluent from Filter No. 528 before the acid treatment. 
Other illustrations of this can be found in the table; that is, as I stated, the 
lowering of the pH seemed to produce this improvement in color removal 
efficiency irrespective of the resulting pH of the effluent. It may be due to 
some physical action of the precipitated hydroxides in the filter brought 
about by this acid treatment. 
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Cost oF PROCEsS. 


The cost of chemicals necessary for loading an acre of sand filter is 
approximately $5 000 if either aluminum sulphate or ferric sulphate is 
used. If ferrous sulphate can be used, as appears to be the case and as I 
have stated in this paper, the cost for loading an acre would not be greater 


than $2 800. 


On Table 5 the cost of purification is figured as if the aluminum - 


or ferric hydroxide was actually used. As a matter of fact, however, ferric 


TABLE NO. 5. 


Grains or Caustic Sopa USED AND ALUMINUM OR FERRIC SULPHATE “‘ USED” 
PER GALLON OF WATER FILTERED DurING ENTIRE PERIOD OF OPERATION. 


Caustic Sona. ALUMINUM OR Ferric SULPHATE. 
488 May 14, 1917 .50 $2.68 .07* $0.275 
494 June 7, 1918 51 2.73 .14 .35 
496 Sept. 19, 1918 91 .05* .196 
512 Feb. 2, 1921 .27 1.45 .24 . 60. 
514 Feb. 2, 1921 16 . 86 1.25 
515 Feb. 2, 1921 46 2.46 51 1.275 
523 May 22, 1922 16 86 56 1.40 
525 June 8, 1922 25 1.34 94 2.35 


* Ferric sulphate. 


Figures in regard to the sulphates ‘used’ obtained by dividing tons used in 
charging filters by million gallons of water filtered. 


hydroxide is permanent when once precipitated in the filter, and alumi- 
num hydroxide is also permanent unless an excessive amount of caustic 
is used in regenerations. The cost of regeneration depends upon the 
weight and cost of caustic used per million gallons of water filtered. It 
must vary of course to some extent as the colors of the water treated vary. 

At Lawrence the caustic cost figures have varied from 90 cents to $2.60 
per million gallons of water filtered. The first figure is low due to the short 
period of operation of the filter giving this cost, and the second figure is too 
high because during the first year or so of operation of this filter more 
caustic was used than was necessary. At Providence we did not obtain 
satisfactory figures in regard to costs as we were always using an excessive 
amount of caustic in regeneration and reducing the color removal efficiency 
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of the filter by hydroxide removal. I believe that under the best of con- 
ditions, however, the Providence caustic cost would have been greater 
than the Lawrence average costs due to the different character of the water 
treated at Providence. This water was during part of the year very highly 
colored and exceedingly turbid, full of shreds of organic matter, organisms, 
ete. 

It seems to us after quite a number of years of trial that this process 
will be found of use and of value in treating fairly high-colored, soft waters. 
Where the water has turbidity due to organic matter in suspension, or silt, 
there must be above that portion of the filter sand loaded with hydroxide 
at least a foot of sand free from this chemical in order that the filters may 
be scraped from time to time without removing precipitated hydroxide. 
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PROCEEDINGS. 
DECEMBER MEETING. 


Boston City Cuius, Boston, 
Tuesday, December 11, 1923. 


The President, David A. Heffernan, in the chair. 

J. R. MeWane, President of the McWane Cast-Iron Pipe Company, 
read a paper on “ The Use of Small Cast-Iron Pipe for Services.” 

A paper on “ Standardization of Fire Hose Threads’ was read by 
J. H. Howland, Engineer, National Board of Fire Underwriters, New York 
City. 

Adjourned. 


JANUARY MEETING. 


Boston City Cius, Boston, Mass., 
Tuesday, January 8, 1924. 


The President, David A. Heffernan, in the chair. 

Mr. CHARLES W. SHERMAN. I desire to call your attention to a couple 
of bills before the Legislature about which you ought to know, — at least 
those of you from Massachusetts who are operating water works; so you 
ought to find out about them and advise your Senators and Representa- 
tives in the Legislature as to what you think of them. The first one, which 
is of the most direct interest to you, is House No. 238 — “ an Act reducing 
the time within which unpaid water rates and charges shall become liens on 
real estate and relative to sending notice to owners of record.”” You will 
remember that last year’s Legislature passed an act making unpaid water 
rates liens on property. This proposed act seeks to modify those conditions 
by reducing the time. It was introduced by Mr. Heffernan of Boston in 
behalf of the mayor. (I understand he is not related to our President.) 
The hearing on the bill has not been announced. This particular subject is, 
however, before the Joint Committee on Judiciary. 

The other bill which I have is of interest to those of you who have 
Metropolitan water. It is House No. 84, “ authorizing citizens of the 
Commonwealth to fish in the Sudbury Reservoir of the Metropolitan Water 
System.” It is the same matter which comes up before the Legislature 
every year, and it will get by some time if we are not pretty careful. That 
is before the Committee on Metropolitan Affairs. 
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Robert E. Horton, Consulting Hydraulic Engineer, Voorheesville, 
N. Y., presented a paper on “ Determining the Mean Rainfall on a Drainage 
Basin.” The paper was discussed by Charles W. Sherman, Harold K. 
Barrows, Arthur W. Dudley, R. A. Hale, Caleb M. Saville and X. H. 
Goodnough. 

E. Sherman Chase, Sanitary Engineer with Metcalf & Eddy of Boston, 
read a paper on “ Copper Sulphate Treatment of Cape Pond, the Source of 
Water Supply for Rockport, Mass.” The discussion was participated in 
by George C. Whipple, Henry A. Symonds and M. C. Whipple. The paper 
was illustrated by lantern slides. 

Adjourned. 
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LEWIS M. BANCROFT. 


Lewis Melvin Bancroft, for twenty-three years Treasurer of the 
New England Water Works Association, died at his home in Reading, 
Massachusetts, on September 5, 1923. 

He was born in Reading on December 31, 1851, his ancestors having 
lived in that town from the time of its original settlement. He was fire 
protection engineer for the insurance interests for a considerable period, 
but became superintendent of the Reading Water Works at the time of 
their construction in 1893, and continued as superintendent until 1922, 
when the works were absorbed into a Department of Public Works. 

Mr. Bancroft was connected with many enterprises in Reading, being 
trustee of the Savings Bank and director of the Reading Coéperative Bank. 
He had been selectman and representative to the General Court. The 
esteem in which Mr. Bancroft was held in his own town is indicated by 
the following quotation from the Reading Chronicle: 


“No man ever lived, in the opinion of those who knew him, of more 
sterling, upright, unassailable honesty and integrity than Lewis M. Ban- 
croft, whose unexpected though not surprising passing on Wednesday 
caused general sorrow. While constantly in the public eye for years as 
a town official, it is doubtful if he ever made an enemy, although he hewed 
so close to the line of exact integrity that he never compromised right to 
expediency. While he seldom spoke in town meeting, and then only when 
occasion demanded, and tersely, no one had greater weight in the town’s 
public deliberations. Reading is benefited immeasurably by his citizen- 
ship. To him more than any one else is due the credit for Reading’s water 
system. While Representative he secured the necessary legislation, was 
superintendent during construction and until failing health compelled 
him to relinquish the office to the Board of Public Works. If any municipal 
department anywhere has been less subject to criticism we have yet to 
hear of it. The Reading Water System is one of the big assets of the 
town and is a permanent monument to his memory.” 


Mr. Bancroft became a member of the New England Water Works 
Association on January 8, 1890. He was Treasurer from 1899 to 1922, 
inclusive; and in this position, as in every other, his record is one of efficient 
and unassuming service. 


SAMUEL E. 
CHARLES W. SHERMAN. 
Committee. 
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LOUIS HENRY KNAPP. 


Louis Henry Knapp was born November 17, 1848, in Buffalo, and died 
there on January 16, 1923. He was the second son of Stephen Lockwood 
and Hannah (Bates) Knapp, of New England lineage; was educated in 
Buffalo public schools and Union College, Schenectady, and married 
Elizabeth B. Williams, of New York, in 1883. They had one child, Ethe- 
lind. He became a member of the New England Water Works Association 
June 17, 1887. 

He was graduated in 1869 as a civil engineer and commissioned first 
lieutenant in the United States Army, stated to be a reward of merit for 
being one of the first three in his class. He had taken two years of medical 
work, also. After several months’ service at Fort Lincoln, Nebraska, he 
was honorably discharged from the regular army. Subsequently he entered 
the engineering service of the National Guard of New York and became 
major and engineer of the 14th Regiment, April 16, 1881, and lieutenant- 
colonel of the Engineers Department of the 4th Division, June 3, 1882. 
On November 18, 1912, he was retired with rank of colonel, after thirty-two 
years of service. 

After leaving Nebraska, he had a short engagement with the Boston 
and Albany Railroad as superintendent of construction. He was the first 
man to use four locomotives together to clear the track of snow. 

To the city of Buffalo the greater part of his professional life was 
devoted. From some time in 1870 to July 1, 1873, he was assistant en- 
gineer of the water department, in charge of the inlet pier and the tunnel 
under the Niagara River. Then he became chief engineer until 1876, when 
he went to Niagara Falls and Suspension Bridge, New York, as engineer 
of water works. From 1879 to 1882, he was city engineer. In 1882, 
Grover Cleveland, then Mayor, appointed him superintendent and chief 
engineer of the water works. In this office he remained for many years, 
during which time two-other intake tunnels were constructed under Niagara 
River. A storage and distributing reservoir was built on the old Dodge 
farm, as described in Engineering News, January 10, 1891, capacity 116- 
000 000 gallons, cost $465 000, time of construction 5 years. This reservoir 
was designed by William Jarvis McAlpine and was built in excavation and 
embankment, without core wall. 

The Buffalo hydrant was designed by Mr. Knapp in 1882, as described 
in the JouRNAL of the New England Water Works Association, Vol. XIV, 
No. 3. 

In 1877-78 he had charge of building new water works for St. Catherines, 
Ontario. At this time he met Lord Strathconna, who was building the 
Canadian Pacific Railway. After finishing the water works, he surveyed 
500 miles of line for the new railroad in the Canadian Northwest through - 
country occupied by the Blackfeet Indians, who dubbed him the Chief 
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with the Glasses. The Indian chief gave him twelve eagle feathers for 
bravery and later sent him a box of furs for his fair dealing. 

In 1904, he built a 5-span bridge over the Allegheny River at Onoville, 
New York. From 1905-20, Mr. Knapp was consulting engineer on water 
works, electric railways and steam railroads, mostly for bondholders. 

March 4, 1874, he became a member of the American Society of Civil 
Engineers. He was a 32-degree Mason and joined Hugh de Payens Com- 
mandery No. 30, September 11, 1876. He was a member of the Sons of 
the American Revolution and the Alpha Delta Phi fraternity. November 
10, 1910, he was made a trustee of the Buffalo City Cemetery. He drew 
plans for the chapel and supervised its construction. He beautified the 
course of Scajaquada Creek through the cemetery and park and beyond 
their limits he built, in 1921, a covered channel for the creek forming a 
huge sewer. This was one of his last works. 

Thus from its beginning to its last days his life was closely interwoven 
with the development of his native city of Buffalo. 

GEORGE W. FULLER. 
Atrrep D. Finn. 
Committee. 


HIRAM FRANCIS MILLS. 


Hiram Francis Mills was born in Bangor, Maine, November 1, 1836, 
and died October 4, 1921. He was a son of Preserved Brayton and Jane 
Lunt Mills. His father was a prominent Bangor physician of the Thomp- 
sonian system and was highly esteemed in the community. 

Hiram was educated in the public schools of Bangor and was fitted 
to enter the Rensselaer Polytechnic Institute of Troy, New York, from 
which he graduated with a degree of B.S. in the class of 1856. Among his 
classmates were other noted engineers, Joseph P. Davis, C. C. Martin, 
John A. Wilson, being among them. Before entering on independent 
professional work he resolved to have ten years of experience with the 
ablest engineers in the country on important works then in progress, and 
during this period he was associated with such eminent engineers as James 
P. Kirkwood, William E. Worthern, James B. Francis, Charles 8S. Storrow, 
and others. This experience was sought for with the association of such 
engineers without regard to salary. In pursuance of this plan he served 
on the Bergen tunnel of the Brooklyn Water Works with James P. Kirk- 
wood, on water power measurements and distribution of power at Cohoes, 
N. Y., on water measurements and construction of mills at Lowell, Mass., 
and experiments at North Billerica on the Concord River in connection 
with the drainage of the adjacent lowlands. In this connection he came 
in contact with Charles 8. Storrow, the eminent civil engineer, who was 
one of the commissioners for the state, and formed a lasting acquaintance 
and friendship which lead ultimately to his engagement at Lawrence, Mass. 
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In the year 1863 he was resident engineer at the east side of the Hoosac 
Tunnel and designed and built the state dam in the Deerfield River at that 
point. Three years later he designed a stone dam on the Penobscot River 
at Bangor and made plans for the development of a water supply. 

About the year 1868 he opened an office in Boston for professional 
work, making a specialty of hydraulic engineering and difficult foundations. 
In 1869 he conducted a series of tests on water turbine wheels at the Wame- 
sit Power Company canal at Lowell, Mass., to determine their efficiency 
in the use of water and power. These included the Swain wheel, Risdon, 
Leffel, Bodine and others which have been superseded by improved and a 
higher class of wheels. 

In the year 1869 he accepted the position of chief engineer of the Essex 
Company at Lawrence, Mass., which had developed a large water power 
on the Merrimack River twenty years previous and had founded the city 
of Lawrence. Charles 8S. Storrow, who designed and developed the power 
and laid out the city, held the position of treasurer of the company. Mr. 
Mills began extensive hydraulic experiments in connection with develop- 
ment of methods and instruments for the daily measurement of water 
leased to the various mills at Lawrence. 

Among his studies was one which resulted in the improvement of the 
Pitot tube for convenient and accurate gaging purposes and brought the 
instrument to a high degree of efficiency. It has never been placed on the 
market as a commercial venture as it was always Mr. Mills idea that the 
profession should receive the benefit of the results. He contributed an 
interesting paper on the subject relating to Piezometers to the American 
Academy of Arts and Sciences in April, 1878. 

Between 1870 and 1885 Mr. Mills had a large outside practice in the 
development of hydraulic power in New England and the West and was 
closely connected with the construction of a number of mills including 
difficult foundations. 

Mr. Mills went to Lowell in 1893, first as consulting engineer and 
later became engineer of the Proprietors of the Locks and Canals at Lowell. 
His particular work in addition to operating the water power was to study, 
plan and carry out extensive changes in the canal system and the Merri- 
mack River in order to permit the mills owning stock in the Proprietors 
to use to better advantage their leased power and to increase their use of 
permanent and surplus power from something like 6 000 second feet to 
more than 8 000. These improvements usually included the design of a 
more uniform and smoother cross section of the canals than a larger one 
which was not usually possible on account of the city of Lowell and the 
mills being built up to the canal borders; and a deepening of the river bed 
below the mills brought about by successive plowings, excavating and clean- 
ing-up of the channel from year to year with the river to aid; and dikes at 
tactical points which became the nucleus of large beds of sediment formed 
by the river from the material brought down by the spring freshets. Mr. 
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Mills’ training and taste was rather in the direction of assisting nature 
than trying to change the face of nature by expensive excavation. Canals 
and river were all confined to definite channels of ample capacity and the 
filling of shoal places has brought into the market a large amount of land 
formerly unfit for use. 

In 1886 Mr. Mills was appointed a member of the newly organized 
Massachusetts State Board of Health and was elected by his associates 
chairman of its committee on water supply and sewerage and served 
as such until the board was legislated out of existence in 1914. His devotion . 
to this work and to the interests of the state has seldom been equaled and 
never surpassed by any of the men who have served Massachusetts faith- 
fully and well upon her state boards and commissions. He very soon or- 
ganized an extensive system of water sampling and analysis of all the 
water supplies and of the important rivers of the Commonwealth, and a 
little later began extensive experiments on the purification of water and 
sewage. Although there was no salary attached to his position and his 
labors were solely for the public welfare, the excellent and earnest character 
of the work soon commanded the respect of the Legislature and uncommon 
liberal appropriation were placed at the disposal of Mr. Mills. In this way 
the famous Lawrence Experimental Station was developed, which, all 
things considered, is probably the leading laboratory in the world devoted 
solely to studying the purification of water and sewage. His services in 
connection with those of Dr. Henry P. Wolcott, chairman of the old State 
Board with the other members gave a fine record to the board. Deaths 
from typhoid for the whole state dropped from 45 per 100 000 persons 
to about five when the old board was abolished, while the death rate for 
the state as a whole from all causes dropped during the period when Mr. 
Mills was a member from about 20 per 100 000 to 14.90. 

Among the important public enterprises with which Mr. Mills has 
been connected in a position of the highest responsibility may be men- 
tioned the preliminary studies for the improved sewerage and drainage of 
the Boston Metropolitan district, the water supply of the Boston Metro- 
politan district, the damming of the Charles River and various lines of 
investigation in connection with the general subject of public health. 
None of these are more thoroughly characteristic of his public spirit, 
however, than the construction of the water filter at Lawrence. As long 
ago as 1875, when the public water works were built in this city, Mr. Mills 
doubted the expediency of drawing a supply from the polluted Merrimack 
River, for he did not believe in the theory of the rapid self-purification of 
running streams which was at that time held strongly in England. 

As opportunity offered, he investigated the typhoid epidemics along 
the river and eventually became as earnest advocate of the filtration of 
this Merrimack River supply for domestic use. After a great deal of oppo- 
sition had been overcome, an’ appropriation for a filter was made by the 
city authorities and the direction of the work was left in Mr. Mills’ hands, 
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as he had agreed to assume all the responsibility for the design and con- 
struction, without any expense to the city. This was the most noted filter 
in the country for many years, and its effect on the death rate was marked. 

While typhoid fever carried away far more people in Lawrence than 
in most cities, before the filter was put in operation, the rate has remained 
since then below the normal. The vital statistics of the city show that 
probably about sixty lives annually have been saved by this work, not to 
mention the many cases of sickness from which recoveries are made. In 
this undertaking as in many others of a public nature, Mr. Mills served 
entirely without compensation and often against considerable opposition, 
to achieve results he considered of general advantage. It is only among 
men who have worked under him that the importance of his labors for the 
profession and the public are fully recognized, which is a source of great 
regret to them and to his non-technical friends who are enjoying the re- 
sults of his professional ability. 

Mr. Mills was granted the degree of Master of Arts by Harvard 
University in 1889. He was elected a fellow of the American Academy of 
Arts and Sciences in 1877; a member of the corporation of the Massachu- 
setts Institute of Technology in 1885, and was made an honorary member 
of the American Society of Civil Engineers in 1909. 

He has published many professional papers, among which are the 
following: ‘‘ Experiments Upon Piezometers Used in Hydraulic Experi- 
ments,” ‘“‘ Water Power of The United States,” “ Experiments Upon 
Central Discharge Water Wheels,” ‘“ Protection of the Town of Westfield 
from Future Floods,” ‘Construction of the Pacific Mills Chimney,” 
“ The Protection of the Purity of Inland Waters,” “ Purification of Sewage 
by Applying It to Land,” “ Report of The State Board of Health Upon 
the Sewerage of the Mystic and Charles River Valleys,” “‘ A Classification 
of the Drinking Waters of the State,’ “ Report of The State Board of 
Health on Filtration of Sewage and of Water and Chemical Precipitation 
of Sewage,” “ Purification of Sewage and of Water by Filtration,” ‘“‘ The 
Filter of the Water Supply of the City of Lawrence and Its Results,” 
also memoirs of John C. Hoadley, James B. Francis and Charles S. Storrow,; 
leaders in the engineering world. 

In the year 1917 Mr. Mills resigned his position at Lowell and removed 
his residence to Hingham, where he had resided since that time. He had 
been busy, as his health permitted in completing various hydraulic formulas, 
in connection with his life work. He was married on October 8, 1878, to 
Miss Elizabeth Worcester, who died on August 23, 1917, at Hingham, 
shortly after leaving Lowell. They had no children. Mr. Mills is survived 
by two nephews, David Mills and William Mills, the sons of his brother, 
James Mills, a prominent mining engineer who died many years ago. 

Mr. Mills was made an honorary member of this Association on 
September 13, 1906. With prudent management and wise investments 
he had accumulated considerable property which was a revelation to his 
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most intimate friends. His will containing many bequests of public in- 
terest showed his usual careful consideration and thoughtfulness, and no — 
finer expression of the ideas and lessons drawn from the will can be found 
than the following comment from a prominent writer in one of the leading 
engineering publications of New York, ‘“ Will of a Great Engineer.” 


WILL oF A GREAT ENGINEER. 


“For reasons only too well known to most of our readers the last will 
and testament of an engineer is rarely of interest outside his family circle. 
An exception rare as to the sum total bequeathed and notable because of 
the beneficiaries named, the evident thought put upon their selection and 
the restrictions and explanations relating to the residuary estate, is afforded 
by the will of the late Hiram F. Mills, which has just been made public. 
Of the public bequests of specified amounts, two are outstanding because 
of their objects and conditions. A large cancer research fund bequeathed 
to Harvard University speaks volumes, coming as it does from a man who, 
through his thirty years of devoted work on the State Board of Health of 
Massachusetts, contributed so much to the reduction of the mortality rate 
in general and to the typhoid rate in particular. Some decades ago, it is 
conceivable that Mr. Mills might have established a fund to combat 
typhoid. That is no longer an urgent need. A fund to aid in the reduction 
of the general death rate would not have that directness of aim to be 
expected from an engineer like Mr. Mills. What more natural, familiar 
as he was with the major causes of disease, suffering, and death, still 
awaiting successful attack, than that Mr. Mills should select that wide- 
spread, baffling and dreaded disease, cancer? : 

The minor public bequests, it may be noted in passing, show dis- 
crimination. The gifts are small but they will prove helpful materially and, 
in some respects more important yet, because of the appreciative recogni- 
tion given to these institutions in the will of a great and thoughtful engineer. 

Most directly human of all the gifts, and perhaps most characteristic 
of the giver, is the bequest of the residue of Mr. Mills’ estate for the benefit 
of the needy of Lawrence and Lowell, particularly the mill workers. This 
gift, as stated in the will, springs from Mr. Mills’ half century of pro- 
fessional work in making the most of the water power on the Merrimack 
River and upbuilding the cities of Lawrence and Lowell. The gift shows 
an appreciation of the human as well as the mechanical factor in the growth 
of these communities. 

Mr. Mills’ bequests prove anew that a man’s deeds are his best monu- 
ment. They also show that a last will and testament may be the most 
self-revealing of the documents a man leaves among the written memorials 
of his life work and his deepest and most heartfelt aspirations.” 

ArtTuur T. SAFFORD. 
Ricuarp A. Haus. 
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ENGINEER’S SECTION 


FULLER & McCLINTOCK 
Engineers 
NEW YORK, 170 Broadway 


PHILADELPHIA, PA., 1001 Chestnut St. 
TOLEDO, OHIO, Summit-Cherry Bidg. 
KANSAS CITY, MO., Walsix Bldg. 
MEMPHIS, TENN.. 879 North Parkway. 


H. K. BARROWS 
M. Am. Soc. C, E. 
Consulting Hydraulic Engineer 
Water Power, Water Supply, Sewerage, 


Drainage. Investigation Reports, Valua- 
tions, Designs,Supervision of Construction 


BOSTON, MASS. 6 BEACON ST. 


CONARD & BUZBY 
Assoc. Mem. Amer. Soc. C. E. Assoc. Amer. Soc, M. E. 


322 High St., Burlington, N. J. 
Inspections and Tests of Materials 


Reports Specifications 
Designs Inspections 
Tests 


WESTON & SAMPSON 
Consulting Engineers 
Robert Spurr Weston George A. Sampson 
Water Supply and Sewerage 
Chemical and Bacteriological 
Laboratory 
14 BEACON ST. - BOSTON, MASS. 


FAY, SPOFFORD & THORNDIKE 


Consulting Engineers 


Investigations Reports 
Engineering Supervision 


Designs 
Valuations 


Industrial Plants 
Foundations 


Port Developments 
Bridges Buildings 


Water and Sewerage Works 
200 DEVONSHIRE STREET BOSTON 


HAZEN & WHIPPLE 


Civil Engineers 
ALLEN HAZEN G.C.WHIPPLE (C.M.BVERETT 
MALCOLM iL. N. BABBITT 


WATER WORKS 
Construction Operation 
Valuations Rates 


Design 


25 West 43d Street - New York City 


METCALF & EDDY 


Leonard Metcalf Harrison P. Eddy 
Charles W. Sherman Almon L. Fales Frank A. 
John P. Wentworth 


CONSULTING ENGINEERS 


Water Works. Works. Industrial Wastes. 
Flood Protection. 


vision of nd Operation. Valuations. 
for Chemical and Biological Analyses. 


14 Beacon Street Boston, Mass. 


F. A. BARBOUR 
M. Am. Soc.,C. E. E. M. Can. Soc. C. E. 
Consulting Engineer 


Water Supply, Water Purification 
Sewerage and Sewage Disposal. 


Tremont Building, Boston, Mass. 


CHARLES T. MAIN 
ENGINEER 


200 DEVONSHIRE STREET 
BOSTON, MASS. 


Plans and Specifications for Textile and other In- 
dustrial Plants, Water Power and Steam Power 
Developments. Examinations and Reports on 
Plants with reference to their Value, Reorganization 
or Development. 


AMBURSEN DAMS 


Hydroelectric Developments 
Water Supply and Irrigation Dams 


DAMS ON DIFFICULT FOUNDATIONS 


AMBURSEN CONSTRUCTION CO. 


Incorporated 


Room 2520, Grand Central Terminal Bldg., 
New York 
Atlanta, Ga. 


Kansas City, Mo. 
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ENGINEER’S SECTION 


HENRY A. SYMONDS 


Consulting Engineer 


68 Devonshire St., Boston, Mass. 
WATER SUPPLY 
Surveys — Estimates — Designs 
Supervision 


MANAGEMENT AND TION 
EFFICIENCY REPORTS 


LEWIS D. THORPE 
Civil and Sanitary Engineer 


Water Works, Sewerage and Sewage 
Disposal 
Supervision of Construction and Operation 
200 Devonshire Street 
BOSTON, MASS, 


KARL R. KENNISON 
Consulting Civil and Hydraulic 
Engineer 
Investigations, Designs, Estimates 


Water Supply 
Sewerage 


Water Power 
Flood Control 


25 Pemberton Sq., Boston, Mass. 


FRANK J. GIFFORD, Sec’y, 


715 Tremont Temple, Boston, Mass. 


$.75 
Dear Sir : Enclosed please find = 


in payment of charge for Certificate 


of Membership in the N. E. W. W. Association ($1.50), and Mem- 
bership Button ($1.00), which please mail me and oblige 
Yours truly, 


CONTRACTORS 


G. FERULLO COMPANY 


General Contractors 
Specializing in Water Works 


NORTH SQUARE 
BOSTON, MASS. 


Telephone, Richmond 1200 
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HERSEY DISC METER, MODEL HF, which is the highest type of Frost protected 
Meter and HERSEY DISC METER, MODEL HD, which is the highest type of divided 
or split-case Meter, are the product of thirty-five years’ experience and refinement in the 
manufacture of Water Meters. These Models excel all Meters of all makes in all those 
essentials which go toward-making exceptionally desirable Meters. 


HERSEY MANUFACTURING COMPANY 
Main Office and Works: E and 2d Sts., SOUTH BOSTON, MASS. 
BRANCHES 


New York, N.Y... . . . . . 290 Broadway CoLumBus, . . . 211 Schultz Building 
PHILADELPHIA, Pa., 132 Commercial Trust Bldg. CHicaco,ILt. . . . . 10 So. La Salle Street 
San Francisco, Catir.. . . 742 Market Street ATLANTA, Ga. . . 610 C. & S. Bank Building 


Los ANGELES, CALIF., 218 E. Third Street. 
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FROZEN!—but 


not damaged 


Here is an actual photograph of 
a LAMBERT Frost-proof Meter which 
has been frozen to an extent that 
would put the ordinary meter com- 
pletely out of commission. 


This is made possible by a pat- 
ented, non-corrosive yielding It 
device which allows the upper and 
lower casing, disc chamber and gear 
train to part without damaging ‘the 
meter in any way. Five minutes’ 
labor the only repair cost. 


The expense and annoyance from 
frozen water meters can be elimin- 
ated for all time through the installa- 
tion of the LAMBERT Frost-proof. 


It has been proved that the 
LAMBERT is the easiest water 
meter to take apart and put to- 
gether again as well as the simplest, 
most reliable and accurate. 


If you are interested in other types 
of meters, we make one for every 
requirement. 


THOMSON METER COMPANY 


100-110 BRIDGE STREET 


LAMBERT 


BROOKLYN, N. Y. 


FROST-PROOF 
METERS 
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A Trident for Every Service! 


WHY are there more than two 
million TRIDENTS in service ? 


There is only one reason,— TRIDENTS are more nual accu- 
rate, more durable, more economically maintained. They are the best 
meters. Don’t stint quality — you need the best for your services! 
Have you seen our latest development,—the Trident (enclosed) Gear 
Train ? 


NEPTUNE METER COMPANY 
50 EAST 42d ST., NEW YORK CITY 
Atlanta Boston Chicago 


St. Louis Denver Portland 
San Francisco Los Angeles Seattle 
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ARCTIC—a frost-bottom meter for KEYSTONE—azn all bronze meter for 
Domestic Services. . Domestic Services. 


EUREKA —a current meter for large KEYSTONE-COMPOUND—for ser- 
and rapidly flowing volumes of water. vices requirmg accurate measurement of 
small as well as large volumes of water. 


PITTSBURGH METER COMPANY 


7800 Susquehanna St., Pittsburgh, Penn. 


SALES OFFICES: 


New York - - - - 50ChurchSt. Corumpia,S.C. - 1433 Main St. 
Cuicaco_ - - - 5S. WabashAve. - - - -4038 Arcade Bldg. 
Kansas City - - - Mutual Bldg. Los ANGELES - -Union Bank Bldg. 
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What Freezing 


Did Not Do 


These two pictures show the intermediate 
gears of a Worthington Model “G” Meter. In 
one the train is encased in a solid block of ice, 
just as the parts were taken out of a com- 
pletely frozen meter. After the ice melted the 
other photograph was made to show that no 
damage was done. Gears, train plate and 
casing, all came through the freezing totally 
unharmed. The only parts which suffered were 
four little bronze frost clamps, replaceable for a 
few cents. This shows some of the things that 
do not and cannot happen when a Worthington 
meter freezes. Those little frost clamps are 
certainly cheap insurance against the ravages 
of zero weather. 


WORTHINGTON 


Showing the gears, pinions and 


_ Showing 
train plate after thawing. Nota 
single part has been warped or dis- The intermediate train 
torted in the least. The straight just after it was taken out 
edge across the face of the train of a standard Worthington 
plate shows clearly that the original meter. Note how completely 
shape has not changed. the gearing is encased in ice. 


WORTHINGTON PUMP AND MACHINERY CORPORATION 


Executive Offices: 115 Broadway, New York City 
Branch Offices in 24 Large Cities 
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ADVERTISEMENTS. 


Visit 
The New Filtration Plant 
at Cambridge 


HE Cambridge plant is typi- 

cally representative of the great 
advancement in the art of rapid 
sand filtration and filter plant con- 
struction. 

Naturally, dependence for con- 
tinuous efhciency, both in bac- 
terial results and cost of operation, 
falls on Venturi Meters and Venturi 
Filter Rate Controllers. 


Builders Iron Foundry 


** Builders of the Venturi for 33 Years”’ 
PROVIDENCE, RHODE ISLAND 
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ADVERTISEMENTS. 


AMERICAN AND NIAGARA 


WATER METERS 


5/8 INCH 

NEW 

AMERICAN 

WATER 

METER 
5/8 INCH 
NEW 
NIAGARA 

WATER 


METER 


Niagara and American Meters are of the disc type. 
The Niagara Meter has a galvanized cast-iron outside 
casing; the American Meter has a bronze main casing 
with either a bronze base or a galvanized cast-iron base. 
The works in the three different casings are the same 
and interchangeable. Upon opening the meter at the 
bolted flange, each intermediate gear may be imme- 
diately removed from its bearing, the measuring cham- 
ber lifted from its seat, the strainer slipped out, or the 
register tried by turning the stuffing box gear. All sub- 
merged working bearings are protected against sand 
and sediment. The hard rubber measuring disc is 
reinforced with a metal plate. Purchaser has option 
of round reading or straight reading register indicating 
cubic feet, U. S. gals., imp. gals. or litres. 


Round Straight 
Reading Reading 
Register Register 


BUFFALO METER CO. 


ESTABLISHED 1892 


2896 Main Street BUFFALO, N. Y. 
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ADVERTISEMENTS. 


The New Nilo 


The new improved Nilo Compound Meter 
now comes equipped with a bronze body. This 
is a valuable addition to meter service for it 
eliminates the danger of corrosion and _ filling 
up due to the collecting of corrosive matter. 
Bronze being stronger than iron the gross weight. 
of the meter is less, making it easier to transport, 
handle and install. 

It also has two gate valves which allow 
the removal of the by-pass meter for cleaning or 
repairing without shutting off the line. 

The controlling valve mechanism of the new 
Nilo Compound Meter is self contained and 
easily detached from the main body casings. 

These three improvements make the Nilo, a 
long standing favorite, the unrivaled leader in 
its field. 


UNION WATER METER CO. 


Incorporated 1868 
WORCESTER, MASSACHUSETTS 
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ADVERTISEMENTS. 


for: — 


THE SIMPL 


mendations. Write for Bulletin N26. 


5729 RACE STREET 


Is Your Pressure Low? 
Are You Short on Pumping Capacity? 
Do You Know Where Your Water 


Goes ? 


UR Engineering Department will 
tell you how to determine your 
water distribution, how to find out 

whether or not new mains are required, 
etc. Wecan supply you with the means 


Checking up pump performance and deter- 
mining slippage due to leaky plungers, 
defective valves, short stroking or other 
causes, 


Measuring delivery of centrifigual pumps 


- and figuring whether or not the station is up 


to efficiency, 


Distributing proportionately the cost of 
water supplied to several districts, 


Checking up the performance of filter beds, 
Detecting waste or pipe leakage, 


Recording daily amounts of sewage handled 
and planning future extensions, etc., etc. 


EX METER 


VENTURI, PILOT TUBE OR ORIFICE TYPES 


Germ importance of exact measurements by means of a Simplex Meter can- 

not be over emphasized. Mr. Jeffries, Chairman of the West Chester, Pa. 
Water Works Committee, was able, by checking the performance of his pump- 
ing engine with a Simplex Meter, to discover that due to the imperfection and 
wear in the valves the slippage amounted to 300,000 gallons of water per day. 
This represented a daily loss of $30.00, or in other words a daily saving of 
$30.00, or $900.00 per month, when the valves were put in order. The Simplex 
Meter thus paid for itself in a month’s time. 


Frequent repeat orders from satisfied customers who formerly used other me- 
ters are the best evidence of merit of the Simplex Meter. 
We have had many years’ experience in solving water flow problems involving 


all sorts of conditions, and we are at all times prepared to submit general lay- 
outs involving cost and capacity, and to make explicit and complete recom- 


SIMPLEX VALVE AND METER COMPANY 


Manufacturers of Meters for Water, Sewage, and Other 
Liquids, Rate Controllers, Automatic Air Valves, Regu- 
lating Valves, and Hydraulic Apparatus of Special Design. 


PHILADELPHIA, PA. 
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_ ADVERTISEMENTS. xiii 


"WATCH DOG WATER METERS 


DISC, CURRENT AND COMPOUND TYPES 


Inquiries Solicited 


GAMON METER COMPANY 


NEWARK NEW JERSEY 
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ADVERTISEMENTS. 


WATER METERS 


WE MAKE ALL KINDS 
ROTARY, AND OSCILLATING PISTON; VELOCITY; 
COMPOUND; VENTURI STYLE; AND 


DISC 


Our Nash Disc Meters have 
been on the market since 
1888, and are now in use by 
thousands, all over the coun- 
try, giving the best of service. 
There is no better disc meter 
than the 


NASH TYPE K 


All bronze construction, substantial, accurate and durable, 
with straight-reading register, and enclosed intermediate. 


FROST PROTECTION 


Nash Type K Meters have the best of all frost protection 
features. The two sections of the casing are held together 
by a patented, breakable flange washer. In event of freezing, 
these washers break at the flange, allowing both casing and 
measuring chamber to part, thereby protecting the working 
parts of the meter. 


Send for fully descriptive circular No. 200. 


NATIONAL METER COMPANY 


299 BROADWAY, NEW YORK 
Chicago Boston Cincinnati Atlanta San Francisco Los Angeles 
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ADVERTISEMENTS. 


Make the Badger Meter your 
Standard for 


Just as you judge other equipment by standards — compare water meters 
with the Badger. Make it your standard for comparison. Point for point, base 
your rigid inspection on the outstanding construction advantages of the Badger. 
Be assured that the meter is fit. That it will tick-off accurately. That it will 
register an impartial tolling'year after year. Don’t accept less. 

Badger Meters have long been highly reputed. Chiefly because they are 
built right. They are designed by practical water works engineers. All parts are 
readily accessible and made of such metals and materials that will not corrode, 
nor wear unduly. They are made for long life and service. 

Let the Badger prove its dependability, accuracy and earning powers. Re- 
member they are faithful to the last drop. 


Write for special bulletins. 


Badger Meter Manufacturing Company 


Milwaukee, Wisconsin 


111 W. Washington Street, Chicago, Il]. 32 Court Street, Brooklyn, N. Y. 
414 Interstate Bldg., Kansas City, Mo. 


1621-39 Fifteenth Street, Denver, Colo. 
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ADVERTISEMENTS. 


ATTENTION 


WATER WORKS 
OF NEW ENGLAND 


A few reasons why we solicit your inquiries on Water-Works 

Pumping Equipment: 

First. — We make a specialty of furnishing Complete Water-Works 
Pumping Units of all types. 

Second. — Total responsibility of installation is assumed by us. 

Third. — We relieve the purchaser of every detail and turn the 
complete unit over to him under actual operation and with 
guarantee. 

Fourth. —Every unit installed to date has exceeded its guarantee 
and has been completely accepted. 


Turbine-driven Pump at the Arlington Station of the Metropolitan 
Water Works, Boston, Mass. 


F. A. Mazzur & Co. 


141 MILK STREET, BOSTON 
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Centrifugal Water Works Pumps 


BUILT FOR THE LAST 70 YEARS AT BALDWINSVILLE, N. Y. 
By Morris Machine Works 


Reliable Substantial Efficient | 


Illustration shows two 3 M.G.D. pumps just furnished as part of 
complete waterworks equipment to Kennebec Water District, Water- 
ville, Me., to plans and specifications of Metcalf & Eddy, Consulting 
Engineers, Boston. These pumps will be driven by direct connected 
Motors and with Gasoline Engines for stand-by service. Arrangement 
permits single or series operation depending upon head, which varies 
greatly with capacity required. 


We furnish pumps for all heads and capacities, motor turbine or 
engine driven, and when desired install complete units ready for operation. 


Starkweather & Broadhurst, Inc. 
ENGINEERS AND CONTRACTORS 
79 Milk St., Boston 


Phone, Congress 1810 
**SERVICE BEFORE PROFIT ’’ 
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XVili ADVERTISEMENTS. 


HAYES PUMP AND MACHINERY CO. 


94 PEARL ST., BOSTON, MASS. 


Pumping Plant Contractors 
CENTRIFUGAL, POWER, STEAM PUMPS 


STEAM TURBINES ELECTRIC MOTORS 
WATER WHEELS OIL ENGINES 


DE LAVAL 


Typical Small Electrically Operated Centrifugal 
Municipal Water Works Installation. 


POWER EQUIPMENT COMPANY 
BOSTON 
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TI 


PRING Floods will come—excessive pol- 
lution will be washed into water supplies 
—and increased vigilance will be necessary 
to prevent the spread of Water Borne Disease. 


For nearly four thousand communities in 
North America sterilizing every drop of 
drinking water W & T Apparatus will 
stand guard against this inevitable spring 
time pollution. 

Is your town insured against water borne 
disease? 


“The only safe Water is a Sterilized Water” 


WALLACE & TIERNAN 
COMPANY, INCORPORATED 
Manufacturers of Chlorine Control Apparatus 


NEWARK NEW JERSEY 


When The Snow Melts! 
| 
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HAYES PUMP AND MACHINERY CO. 


94 PEARL ST., BOSTON, MASS. 


Pumping Plant Contractors 


CENTRIFUGAL, POWER, STEAM PUMPS 


STEAM TURBINES ELECTRIC MOTORS 
WATER WHEELS OIL ENGINES 


DE LAVAL 


Typical Small Electrically Operated Centrifugal 
Municipal Water Works Installation. 


POWER EQUIPMENT COMPANY 
BOSTON 
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Floods will come—excessive pol- 
lution will be washed into water supplies 
—and increased vigilance will be necessary 
to prevent the spread of Water Borne Disease. 
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For nearly four thousand communities in 
North America sterilizing every drop of 
drinking water W & T Apparatus will 
stand guard against this inevitable spring 
time pollution. 

Is your town insured against water borne 
disease? 


only safe Water is a Sterilized Water’ 


WALLACE & TIERNAN 
COMPANY, INCORPORATED 
Manufacturers of Chlorine Control Apparatus 


NEWARK NEW JERSEY 
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ADVERTISEMENTS. 


Founded 1853 Incorporated 1863 


FILTER ALUM 


Aluminum Sulphate 


A basic, uniform product which . 
has been used successfully by the 
leading water filtration plants in 
New England for many years. 


Our location and shipping facili- 
ties place us in a position to offer 
insurpassable service and make us 
the logical source of supply for all 
filter plants in New England. 


The aid and advice of our tech- 
nical staff has often proved of great 
value to our customers. It is always 
at their service. 


MERRIMAC CHEMICAL Co. 


148 STATE ST., BOSTON, MASs. 


Works: 
WOBURN, MASS. 


EVERETT, MASS. 
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ADVERTISEMENTS. 


Health and Protection First 


Water delivered through dirty pipes 
may be a MENACE. 


Incrusted water pipes mean inefficiency 
and loss of Fire Protection. 


We Guarantee the Results of Our 
Method of Cleaning. 


WRITE US. 


National Water Main Cleaning Co. 
50 Church Street New York City 


Lead Lined Iron Pipe and Fittings 


for Water Service 


The “RESISTO” Process ensures the safest and 
most dependable material for water service lines. 
Continuous lead contact. Absolutely tight joints. 
No opportunity for corrosion. 


Write us for details and prices. 


eManufactured by 


Resisto Pipe (@, Valve Company 


262 BRIDGE STREET EAST CAMBRIDGE, MASS. 
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ADVERTISEMENTS. 


Relative Cost 
of laying service 
pipes under 


Cos 


A Simple Question 
of Arithmetic 


The cost of a length of service pipe is trifling 
compared with the cost of laying it. In case of 
failure of the pipe, the loss of water, labor of digging 
up and renewing a pipe, still further multiplies the 
installation cost. 

The lasting quality of the pipe, depending on 
its rust-resistance, is therefore the first thing to be 
considered by the majority of experienced water 
works engineers and superintendents. Hence the 
extensive use of Byers pipe for underground water 
service. 

The chemical and physical properties of genuine 
wrought-iron and their bearing on the question of 
rust-resistance, are interestingly dealt with in 
Byers Bulletin No. 6-A. Write to A. M. Byers 
Company, Pittsburgh, Pa., for a free copy. 


GENUINE WROUGHT IRON ee 
Look for the Nameand Year rolled in every length 
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ADVERTISEMENTS. 


Over 90,000 H.P. in use 


for Pumping only 


Fairbanks-Morse 
Oil Engine 


Municipal pumping station records in towns and cities throughout 
the United States, prove the economy of Fairbanks-Morse “ Y ”’ Oil 
Engines. These plants now use a total of more than 90,000 H. P. of these 
engines, entirely for pumping purposes. 

“Y ” Oil Engines use any low-grade crude or fuel oils. They start 
easily; full power can be had any time in five minutes. There is no 
expense when engine is not operating. There are no igniters, timers, 
wires, carburetors, hot bulbs or water injectors. Engineers like to oper- 
ate them because they leave more time free for care of other equipment. 
Users report savings in comparison with hydro-electric and steam, of 
from 50 to 75 per cent. . 


Morse-Made Pumps 


Fairbanks-Morse Pumps can be 
furnished in either centrifugal or piston 
types; motor, steam or oil-engine drive; 
either belted or direct connected. A 
wide range of models and sizes meets 

every requirement and condition. 
Write 1 us ye detailed debbbwcation as to the sizes and combinations 
of either pumps or oil-engine units that will give you the greatest economy. 
We will give you exact figures as to the results that may be obtained. 


FAIRBANKS-MORSE Co. 


245 State Street Boston 
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ADVERTISEMENTS. 


H. W. CLARK CO. 
740 Broadway _ Mattoon, Ill., U.S.A. 
Branch Offices: 
Memphis San Francisco 
Buffalo Chicago 


Manufacturers of the well- 
known CLARK METER BOX, 
maintaining uniformity for both 
large and small meters. Stand- 
ardization in meterinstallations 
saves you money. Everything 
for the Water Works. 


Write for new catalogue No. 20. 


New York 
Salt Lake City 


We Carry in BOSTON STOCK for Immediate 
Shipment 


CAST IRON BELL AND SPIGOT 
WATER PIPE AND FITTINGS 
FLANGED PIPE in full and short lengths 
WROUGHT PIPE : 
FRED A. HOUDLETTE & SON 
(Iacor porated) 
93 Broad Street, Boston, Mass. 


Quotations furnished promptly for shipment 
from Foundry 


GEO. E. GILCHRIST CO. 


Manufacturers and Jobbers of 


Steam, Gas and Plumbing Materials 
WROUGHT IRON PIPE 
Railway, Water Works and Sanitary Supplies 


106 High, corner Congress St., Boston 


CEMENT LINED SERVICE PIPE 
With Specially Adapted 
Lead-lined Fittings. 


Also Curb Cocks which eliminate Iron to 
Brass Corrosion both inside and out. 


LAP-JOINT 


IMPERVIOUS PIPE CO. 
LYNN, MASS. 


BRAMAN, DOW & CO. 


NATIONAL STEEL PIPE 
READING IRON PIPE 


CAST AND MALLEABLE FITTINGS 
HIGH GRADE BRASS FITTINGS 


VALVES AND COCKS 
SERVICE AND VALVE BOXES 
PIPING TOOLS 


239-245 CAUSEWAY ST., BOSTON, MASS. 


fieo. A. Caldwell Co. 


“CALDWELL” WATER WORKS BRASS 


GOODS AND CURB BOXES 
NONE BETTER AND FEW AS GOOD 
‘* Buffalo’? Curb and Valve Boxes 
REDUCING, REGULATING & RELIEF VALVES 


Standpipes 
3 Water Tanks 
Gas Holders 
and all other metal surfaces 
hy need the protection of 


DIXON’S 
Silica-Graphite 
PAINT 


BOOKLET NO. 87-B 


JOSEPH DIXON CRUCIBLE 


Mattapan Sq., Boston 26, Mass. 


CO. Jersey City, J. 
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ADVERTISEMENTS. XXV 


'The People Demand Increased Efficiency 


You can make sure your Department gets full revenue 
for every gallon of water used—by seeing that all meters 
are regularly tested for accuracy—with the 


Mueller Water Meter Tester 


The Mueller will prove exactly what each meter does 
—will enable you to adjust each meter to absolute accu- 
racy—will save more than its cost year after year. Used 
and endorsed by leading municipalities. The name 
Mueller guarantees both Quality and Service. 


Detailed description and prices on request. 


A. MUELLER MANUFACTURING CO.., Decatur. [Ilinois 
Phone Bell 153—Auto 2131 


Water, Plumbing and Gas Brass Goods 


New York City, 145 W.30th St. — Phone, Madison Square 5397 
San Francisco, 589 Mission St. Phone Sutter 3577 


tt 
a 
| 
: 


ADVERTISEMENTS. 


BOSTON PIPE & FITTINGS CO. 


WHOLESALE 
Byers Genuine Wrought Iron Pipe 
Youngstown Steel Pipe 


COMPLETE LINE OF WATER WORKS SUPPLIES 


273-279 CONGRESS ST., BOSTON 


SUMNER & DUNBAR 


Manufacturers of and Dealers in 
Sanitary Specialties 
Steam, Gas and Water Goods 
Mill and Water Works Supplies 
Steam and Gas Fitters’ and Plumbers’ 
Tools of All Kinds 


287 CONGRESS ST., BOSTON, MASS. 
Telephone, Main 6350 


W. B. Hubbard & Sons Co. 


FRANK W. HUBBARD WALLACE R. HUBBARD 
Pr Treasurer Assistant Treasurer 


WATER WORKS 
SUPPLIES 


176 Oliver Street, Boston, Mass. 


Hubbard-Floyd Co., Inc. 


110 High St., Boston, Mass. 
Construction Equipment and Tools 


PUMPS CONCRETE MIXERS 
HOISTING ENGINES 


RED EDGE SHOVELS HOSE 


Ingersoll Rand Co. 


Air Compressors Pneumatic 


Rock Drills 


George H. Sampson Company 


New England Selling Agents 


65 OLIVER STREET, BOSTON, MASS. 


Concrete Mixers 


Atlas Powder Co. 


Tools Hoisting Engines 


Contractors’ Pumps 


Pipe, Valves 


Galvanized, Brass and Cast 


98 Merrimac Street 


Standard and Extra Heavy, Flanged and Screwed, Malleable, 
PIPE CUT, THREADED AND FABRICATED 
TO SPECIFICATIONS 


Due to large stock we are able to quote you attractive prices which 
will give you a saving on all your purchases in this line. 


Commonwealth Pipe & Supply Co., Inc. 


and Fittings 


Iron, '/,” to 24” Diameter. 


Boston, Mass. 
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R. D. WOOD @ CO. 


400 CHESTNUT STREET, PHILADELPHIA, PA. 


Engineers, Iron Founders and Machinists 
CENTRIFUGAL PUMPS 
PUMPING ENGINES Cast Iron P ipe 


CUTTING-IN TEES 


Connections economically and eas- 

Saves 
Ve, Cuts, 

unnecessary 


Reduced Specials” 


Mathews 
Fire Hydrants 


A half century of use has established (ir reputation as 
being the most economical, durable and simple hydrant, 


Number in use exceeds total of all other 
makes combined. 


Gate Valves 


R. D, WOOD & CO. STANDARD 


TT 

fer: Old Way Our Way 

= =. 

Cost of fittings reduced from 25% 

050%. Full strength, Deep bells, — 

Convenient to handle. Sold by 
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Ware Coupling & Nipple Co. 


WARE, MASS. 


Grip Pipe Fittings and Brass Nipples 


We make Pressure Regulating Valves 
for all purposes, steam or water. 


Our Feed-Water Filter will keep oil 
out of your boiler. 
We can interest you if you use a condenser. 


Water Engines for Pumping Organs 


THE Ross VALVE MFG. Co. 


TROY, N. Y. Ask your organ Builder for 


it or write us, 


Valve 


NEPONSET, MASS. 


Sluice Gates, Gate Valves and Fire Hydrants 


8 
FILTERS é : 
SINGS 
ik 
Standard for pumping church 
: 
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ADVERTISEMENTS. 


LUDLOW VALVE MFG, CO, 


MANUFACTURERS OF 


VALVES and FIRE HYDRANTS 


This hydrant is anti- freezing, because 
when the drainage is good no water is left 
in it to freeze. 


The drip is directly in the bottom of the 
hydrant and drains perfectly. It is protected 
by its valve, which never leaves its socket 
and cannot be clogged. 


DOUBLE AND | FIRE 


SINGLE GATE 


ALSO CHECK 


VALVES, YARD, WASH, 
FOOT AND FLUSH 


VALVES, HYDRANTS. 


SEND FOR CIRCULARS 
OFFICE AND WORKS: FOOT OF ADAMS STREET, TROY, N. Y. 


BRANCH OFFICES: 


NEW YORK PHILADELPHIA BOSTON PITTSBURGH CHICAGO KANSAS CITY 
62 GOLD sT. HARRISON BLDG. 112 WATER ST. ISTNAT. BANK BLOG. THE ROOKERY R.A. LONG BLOG. 


POINTS OF 
SUPERIORITY 


Have two lead rings. 
Require less lead for calk- 
ing. 
Iron washers not required. 
Bolting flanges are made 
full length of sleeve, 
giving great strength. 
E Have greater thickness of 
Rensselaer Tapping Sleeves hubs on ends. 
were brought out to meet a growing demand Easier to center on pipe 
for a “BETTER” Tapping Sleeve. They before pouring lead. 
were designed to suit conditions metinactual Cost less to install. 


practice. : Book No. 11 
gives full information. 
They can be used with all standard makes of ld wailiain’ 


“Tapping Machines. 


CHARLES L. BROWN 
New England Sales Manager, Lock Box 2, Northboro, Mass. 


RENSSELAER VALVE COMPANY, TROY, N.Y. 
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THE CHAPMAN 
VALVE MANUFACTURING 
COMPANY 


Manufacturers of 


Gate Valves Drip Valves 
Gate Fire Hydrants 
Corporation Cocks Curb Cocks 


Anderson Couplings 
Lead Pipe Connections 


WRITE FOR OUR WATER-WORKS CATALOG 


Main Office and Works 
Indian Orchard, Mass. 


BRANCH HOUSES 


BOSTON, MASS. NEW YORK CITY PHILADELPHIA CHICAGO 
141 High St. 180 Lafayette St. 1011 Filbert St. 116 N. Jefferson St. 


i 
Xxx ADVERTISEMENTS. 
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PATIENT RUBBER: FACED) 


| 


Section of Taper SeatValve. 


Section of Paralle! Seat-Valve. 


Section of Vertical Foot. 


Vertical Foot-Valve. 


Hydrant with Water Crane with 
Water Crane Atachment. ingitator Post. Automatic Drip Valve 


All Goods made by the EDDY VALVE COMPANY are Mere soe 
manufactured exclusively at WATERFORD.N.Y..U.S.A. Vatve Giosep -Drip Oren. 


Vatve Open—Drip GLosep. 
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Xxxii ADVERTISEMENTS. 


EMAUS PIPE FOUNDRY, 
* —DONALDSON IRON CO., 


MANUFACTURERS 


CAST 
IRON 
PIPE 


«AND . 


Special Castings for Water and Gas. 
Also Flange Pipe, Street Castings, 
Manhole Heads and Covers, etc. 


EMAUS, 


LEHIGH COUNTY, PA. 
Secretary and Treasurer. 


WATER WORKS |. 
SUPERINTENDENTS! 


Is your per capita consumption too high ? 
Do you account for less than 85% of your pumpage ? 


Are you receiving full revenue from your manufactur- 
ing consumers ? 


If any of these problems confront you, write us at 
once, without obligation, and let us tell you about 
our PITOMETER SURVEYS. 


THE PITOMETER COMPANY 
50 CHURCH STREET 
NEW YORK CITY, N. Y. 
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Philadelphia is most bountifully provided with fresh water, which is showered 
and jerked about, and turned on, and poured off, everywhere. The water- 
works, which are on a height near the city, are no less ornamental than useful, 
being tastefully laid out as a public garden, and kept in the best and neatest 
order. The river is dammed at this point, and forced by its own power into 
certain high tanks or reservoirs, whence the whole city, to the top stories 
of the houses, is supplied at a very trifling expense. 

— ‘ American Notes by Charles Dickens. 


Old Pumping Station, Philadelphia 


In 1842 Charles Dickens wrote the above 
description of the Philadelphia Water Works. 
At that time cast iron pipe, in Philadelphia, 
had been delivering water faithfully for 
25 years. Nor was its usefulness nearly over. 
In 1915 the pipe illustrated was removed, 
though still in good condition after almost 
a century of service, to make way for a line 
of larger capacity. 


Write 2 the Publicity Depart- 
ment, Burlington, for booklet ‘‘98 
Years of Excellent Service.” Section of 1817 line 


United States Cast Iron Pipe & Foundry Co. 
General Office: Burlington, New Jersey 
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XXXiv ADVERTISEMENTS. 


THE A. P. SMITH MANUFACTURING GO, 


EAST ORANGE, N. J. 
Manufacturers of 
Tapping [lachines, Fire Hydrants, Water Gates, 
Economic Lead Furnaces, 
Corporation and Curb Cocks, Brass and Aluminum Castings. 
Also General Supplies for Water and Gas Works. 


Write for Catalogue. 


NICHOLAS ENGEL 
JOHN FOX @ CO. 
CAST IRON 
WATER @ GAS PIPES 
FLANGE PIPE 


Special Castings, Fire Hydrants, Valves 
General Foundry and Machine Work 


WOOLWORTH BUILDING 233 BROADWAY 


NEW YORK CITY 


HIGHEST AWARD, GOLD MEDAL, 


ST. LOUIS EXPOSITION, 1904 


Over 100 Water Departments 


LEAD-LINED IRON and TIN-LINED PIPES 


for their service connections 


MANUFACTURED BY 


Lead Lined Iron Pipe Company 


Wakefield Mass. 
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Edson Manufacturing Corp. 


375 BROADWAY, BOSTON, MASS. 


This Engine is built 
for Diaphragm Pumps 
by the makers and in- 
ventors of the Pump. 


Fifty years’ experience 
is behind it — reliable 
as the original pump 
you have known for 
years. 


Now in use by many 
of the Water Depart- 
ments. 


a : Mounted on Skid or 4- 
On the Top | Wheel Hand Truck, also 


NO. 1 AIR-COOLED GASOLINE ENGINE ¢ither Battery or Magneto 
Can be attached to any Diaphragm Pump Ignition. 


Warren Foundry and Pipe Co. 
(Formerly Warren Foundry and Machine Co.) 
SALES OFFICES 
11 BROADWAY, NEW YORK 


201 DEVONSHIRE ST., BOSTON, MASS. 
Telephone, Fort Hill 5951 


CAST IRON PIPE 


Bell and Spigot Flanged Pipe 
Special Castings 
Flexible Joint Pipe Cylinders 


Water Gas ° Sewers Culverts 


Works, Phillipsburg, N. J. 
LARGE STOCK ENABLES US TO MAKE QUICK SHIPMENTS 
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XXXvi ADVERTISEMENTS. 


Twelve Reasons Why 
YOU SHOULD USE 


Registered U. S. Patent Office 
FOR 


Jointing Water Mains 


1. DURABILITY. Leadite joints increase in strength with age. 
NO CAULKING. Leadite joints require no caulking, because 
the Leadite adheres to the pipe, making a water-tight bond. 

3. COMPARATIVE QUANTITIES. One ton of Leadite is 

equivalent to four tons of lead. 

4. LABOR SAVING. Saves caulking charges and digging of 
large bell-holes, and reduces the cost of trench pumping to 
the minimum. 

COST. Its use saves 50 to 65 per cent. over lead, owing to the 
saving effected in material and labor. 

TOOLS. As no caulking is required, fewer tools are needed. 

TRANSPORTATION. Considerable freight charges are saved 
because Leadite is lighter than lead. 

HAULING. Saves hauling expense on the work because you 
move only one fourth the weight of jointing material. 

9. FUEL. Saves fuel because you melt only one ton of material 
instead of four, and not as much heat is required either. 

10. DELIVERY. We can make prompt shipments. 

11. DAMAGE SUITS. Claims for damages caused by joints blow- 
ing out are prevented because Leadite joints will not blow 
out under any pressure. 

12. USERS. Progressive water works all over the country use 
Leadite. 


WRITE FOR BOOKLET 


THE LEADITE COMPANY, Inc. 
LAND TITLE BUILDING PHILADELPHIA 
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chadwick- Boston Lead Co. 


162 Congress St., Boston 


Agents for 


The Celebrated ‘“‘ULCO”’ 


LEAD WOOL 


(Every Atom Pure Lead) 


For calking pipe joints under the most 
difficult conditions. 

For overhead joints, or in wet places 
where the use of molten lead is not only 
impracticable but dangerous LEAD 
WOOL may be used to advantage. 

It makes an absolutely tight joint which 
will withstand the highest pressure, yet be 
sufficiently elastic to allow considerable 
sagging or settling of the pipe without 
danger of a leak. 

As compared with the poured joint, in 
this respect, the superiority of LEAD WOOL 
is apparent. 


Manufacturers of 


Lead Pipe, Tin Lined Lead Pipe, Pure Block-Tin 
Pipe, Solder, White Lead and Red Lead. 


HIGHEST QUALITY SOFT BRANDS 


PIG LEAD 
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TEN CENTS PER POUND PRICE TEN CENTS PER POUND PRICE TEN CENTS PER POUND TEN CENTS 


N CENTS PER POUND 


Join Your Water Mains 
WITH 


TRADEMARK 


AND CUT YOUR EXPENSES 


50% FIRST COST 
50% SMALLER BELL HOLES 
75% HANDLING 
100% CALKING 


OUR PROPOSAL 


That the prospective users purchase atrial 
lot of 1 to 5 bags, and that this be used 
under the direction and according to the in- 
structions of our representative. 


If, after a trial, the purchaser is not satisfied 
with the material, any surplus not in use to be 
returned to the Lead-Hydro-Tite Company, and 
no charge to be made for any of the Lead- 
Hydro-Tite furnished. 


Owned, Manufactured and 
Sold by New Englanders 


Write for Particulars 


LEAD-HYDRO.-TITE CO. 


192 BOYLSTON STREET 
BOSTON, MASS. 


PRICE TEN CENTS PER POUND PRICE TEN CENTS PER POUND PRICE TEN CENTS PER POUND PRICE TEN CENTS PER POUND PRICE TEN CENTS PER POUND TE 


TEN CENTS PER POUND PRICE TEN CENTS PER POUND PRICE TEN CENTS PER POUND TEN CENTS 


Tad 
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Corporation 


and 


Curb Cocks 


We have them to meet 
every requirement 


ORIGINAL 
‘““Hays-Erie”’ 


Extension Service Boxes 
of proven advantages 


Let us send at our risk, on 
30 days’ trial, a 
Payne’s Patent 
Tapping 
Machine 


NOISNILX3 
UILVM 8 SVD 30 MIA IWNOILIIS 


which is recognized to be 
the most easily operated 
owing to the few working 
parts. 


Hays Mfg. Co., 


L Established 1869 j 
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Dependable water supply 


16,000 FEET OF “UNIVERSAL” 


giving perfect service 


Biltmore, N. C. 
CAS 
no packing _no calking __ no bell holes 
mS THE CENTRAL FOUNDRY COMPANY 
NEW YORK, 


41 EAST 42nd STREET (Eighteenth floor of Liggett Building) 
Sales Offices: New York, Chicago, Atlanta, Dallas, San Francisco 
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A Test that is a Test 


Size of pipe: 66 inches. Length of pipe line: | 
10 miles. Temperature at time of test: 20 | 
degrees below zero. And the facts and re- 
sults of the test were as follows: Leakage for 
entire ten miles in twenty-four hours, 40 000 
Imperial gallons. Repairs necessary, none. | 
Maintenance during three years, none. | 
Capacity of pipe line, 50 000 000 Imperial 

gallons aday. Location, Winnipeg. We'd 

gladly give further facts. Write us. 


“Every Joint a 
Lock Joint” 


Reinforced. 
oncrete Pipe 


Lock Joint Pipe Company 
Ampere, N. J. 
Pressure, Sewer, Culvert and Subaqueous Pipe 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS. 


PAGE 
BOILER PLANTS, FEED WATER HEATERS AND CONDENSERS. 
BRASS GOODS. 
CAST-IRON PIPE AND SPECIALS. 
CHEMICALS FOR WATER PURIFICATION. 
CHLORINE GAS AND APPLIANCES. 
CLEANING WATER MAINS. 
CONSTRUCTION EQUIPMENT. 
CONTRACTORS. ‘ 
ENGINEERS. 
ERECTORS, WATER WORKS AND POWER MACHINERY. 
FILTERS AND WATER-SOFTENING PLANTS. 
FURNACES, ETC. 
GATES, VALVES, AND HYDRANTS. 
Rensselaer Valve Co. . . . . . xxix 


GRIP PIPE FITTINGS. 
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ADVERTISEMENTS. xliii 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued). 

INSPECTION OF MATERIALS. 

LEAD AND LEAD PIPE. : 

LEADITE. 

METERS. 

Simplex Valve & MeterCo. ....... xii 

Worthington Pump and Machinery Corp. ... . viii 
METER BOXES. 

OIL, GREASE, ETC. 

PIPE JOINTS. 

Lead-Hydro-Tite, F. A. Houdlette & Son .... . 

PRESSURE REGULATORS. 

PUMPS AND PUMPING ENGINES. 

Worthington ‘hae and Machinery Corp. ....... viii 
RATE CONTROLLERS. 

REINFORCED CONCRETE PIPE. 

SUPERHEATERS, STOKERS, STACKS, FILTERS. 

SUPPLIES AND TOOLS. 

TAPPING MACHINES. 

UNIVERSAL PIPE. 

WOOD PIPE. . 

WROUGHT IRON, STEEL AND BRASS PIPE. 
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New England 
Water Works 


Association, 


ORGANIZED JUNE 12, 1882. 


APPLICATION FOR MEMBERSHIP. 


into the New England Water Works Association, hereby make 


(resident, non-resident or associate) 
Membership. 


have been engaged in the following named work: 


Resident members are those residing in New England; all others are non-resident. 
Entrance fee is $3.00 for both resident and non-resident members. 
Annual dues are $6.00 for both resident and non-resident members. 


— 
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J 
Wary 
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| 
I, the undersigned, residing Ob 
| 
| 
| 
I will conform to the requirements of membership if elected. - 


The of the 
New Water Works Association 


is'a stiarteely publication, containing the papers read at the meetings, together with 
reports of the discussions. Many of the contributions are from writers of the 
highest standing in their profession. It affords a convenient medium for the inter- 
change of information and experience between the members, who are so widely separated 
as to find frequent meetings an impossibility. Its success has more than met the ex- 
pectation of its projectors; there is a large and increasing demand for its issues, and 
every addition to its subscription list is a material aid in extending its field of usefulness. 
ALL MEMBERS OF THE ASSOCIATION RECEIVE THE JOURNAL IN PART RETURN FOR THEIR 
ANNUAL DUES; to all others the subscription is four dollars per annum. 


ADVERTISERS 


or Tue New Water Works Associarion as an advertising 


in the United States. The paid circulation is 9O@ corizs. 


‘ Being filled with original matter of the greatest interest to Water Works officials, 
it is PRESERVED and constantly REFERRED TO BY THEM, and advertisers are 
thus more certain to REACH BUYERS than by any other means. 


The Journat is not published as a means of revenue, advertisements being inserted 
solely to help méet. the large expense of publication. 


ADVERTISING. RATES. 


One page, one year, four insertions Kighty Dollars, 
"One-half page, one year, four insertions’ Dollars. 
One-fourth page; one year, fourinsertions Thirty-six Dollars. 
One-twellth page (card), one year, fourinsertions Twelve Dollars. 
One-half page, single insertion . Thirty Dollars. 
One-fourth page, single insertion Twenty Dollars. 
Sins af page, 44x 7% ets: 


\ For further information, address, 
JOHN WENTWORTH, 
Editor, 
14 Beacon Srrext, 
Boston, Mass. 
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9 500 let of 18inch Michigan Wood Pipe at Badia: 
BAY 


Kew Yor Leiter | 15 Van Buren: F. C. 
: WYCKOFF PIPE @ CREO, 


Fe, 
919 


MINOT KAHURL 


Eastern Saies Manager 
ROOM 112i, OLIVER BUILDING 
141 MILK STREET BOSTON, mage. 
Telephone : Congress 248i 


Michigan Pipe MICHIGAN 


i 


i 
3 
ia 
i 
J 
; 
a 
i 
q 


: 


